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Live  and  dead  microorganisms  (bacteria,  ye..st  cells,  mold  and 
others),  located  in  the  air,  for  tha  aeroplankton. 

In  the  atmospheric  air  the  ba;;ic  mass  of  microorganisms  form 
with  the  soil  dust  and  the  smaller  droplets  of  sea.  water;  in  the  air 
^  (  of  closed  areas(rcom  etc.)—  with  the  room  dust  tad  droplets  of  sa- 
lO  <  iiva  and  mucous,  dispersed  by  humans  during  conversation,  coughing 
i o<  and  sneezing.  The  interchange  between  the  atmospheric  air  and  the 
W  <  room  air,  through  various  openings  between  rooms  and  the  outside,  to 
a  certain  degree,  reflects  the  dispersion  of  the  bacteria  in  the  at¬ 
mosphere  and  in  the  air  of  enclosures. 

SThe  overwhelming  majority  of  the  microorganisms  of  the  air  are 

saprophytes;  however,  in  the  air  in  buildings,  we  more  then  once  will 
.rnd  pathogenic  microorganisms.  Microorganisms  are  not  ancountered  in 
the  air  in  a  free  state;  they  appear,  usually,  in  a  fixed  status  in 
drops  of  fluid  (saliva,  mucous  and  others)  or  on  hard  aerosol  particles. 
According  to  this  information,  it  can  be  said,  that  the  microbiological 
analysis  of  the  air  is  the  microbiological  analysis  of  aerosols  and, 
when  they  speaJc  of  the  number  of  microorganisms  in  a  unit  of  volume 
of  air,  we  should  understand  this  ns  the  number  of  nieroorgBaisra 
fixed  on  particle*  of  units  of  volume  of  a  given  aero  dispersive  ***- 
too. 

dome  authors  distinguish  three  phases  in  the  Veter  id  aerosols; 

1)  the  course-nude  r,  consisting  of  course  drops  with  a  diameter  of 
■ore  than  0.1  as,  which  are  quickly  settled  from  the  air;  2)  fiae- 
audeor,  consisting  of  fine  drops  with  a  diameter  of  not  more  than 
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')(»!  which  duratively  remain  in  the  air,  are  dispersed  over  great 

Expanses  and  have  the  ability  to  deeply  penetrate  the  organs  of  res- 

/  f 

piration  during  inhalation;  3)  phaee  of  bacterial  dust,  formed 
by  the  drying  of  the  course  and  fine  drops  and  easily  suspended  in 
the  air  by  the  air  currents* 

In  regard  to  the  aero genic  infections,  the  fine-drop  phase  and 
the  phase  of  the  bacterial  dust  are  the  most  dangerous* 

The  microbiological  analysis  of  aerosols  ordinarily  leads  to  the 
bacteriological  analysis  of  thorn;  in  some  cases  the  micological  ana¬ 
lysis  may  prove  interesting  (fungus  fever*  mycos.  of  the  lungs)* 
Sometimes*  along  with  the  microbiological  analysis  of  aerosols* 
microbiological  analysis  of  the  aerosol  particles*  that  is  the  aero** 
gels,  falling  from  the  air*  is  conducted* 

3elov  are  set  forth  the  bacteriological  and  micological  methods 
of  analysing  the  aerosols  and  aerogels* 


BACT3HI0L0GIC41  METHODS  CT  ANALYZING  A^fiOSOLS 
Daring  the  bacteriological  analysis  of  the  aerosols*  the  det¬ 
ermination  of  the  general  quantity  of  bacteria  in  a  unit  of  a  volume 
of  aerosol  '  general  dispersion)  seldom  limits  the  testing;  such  det¬ 
erminations  are  analogic  with  the  determination  of  the  microbe  number 
for  waiter*  In  a  majority  of  the  eases,  besides  th*  general  41  version* 
the  quantitive  chursoterietio  of  -he  microflora  is  determined, 

Determination  of  the  General  3-cta  rial  Dissemination  of  Aerccols 
>Ssny  methods  are  suggested  for  the  determination  of  the  general 
dissemination  of  aorooolo  » 
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According  to  principals,  forming  the  bases  of  these  methods,  they 
can  he  divided  into  1)  sedimentation,  2)  filtration  end  3)  sorption* 
She  sedimentation  method  can  he  subdivided  into  the  following 
groups t  a)  spontanious  sedimentation,  b)  sedimentation  stipulated  by 
aspiration  and  striking  against  a  surface  and  c)  sedimentation  stip¬ 
ulated  by  aspiration  with  a  later  electroprecipitation* 

She  filtration  method  can  be  subdivided  into  groups,  depending 
on  the  character  of  the  appropriate  filter*  a)  filtration  through 
membrane  filters,  b)  filtration  through  .'liters  from  powder-like 
substances  and  c)  filtration  through  liquid  filters. 

In  all  the  said  cases,  the  test  is  conducted  on  a  level  above 
the  floor  equal  to  the  location  of  the  openings  of  the  respiratory 
system  of  humans;  in  factories—  at  the  level  of  the  height  of  a 
person,  in  olass  rooms—  at  a  level  exceeding  the  height  of  a  table 
by  30-hO  cm,  in  hospitals—  at  the  level  of  the  bed  etc* 

‘the  tests  are  selected  while  there  is  movement  in  the  room  and 
when  the  room  is  quiet,  this  gives  contrastive  figures* 

Of  the  large  number  of  suggested  methods,  here  ere  only  the  most 
important  sedimentation  sad  filtration* 

Sedimentation  Method 

She  sedimentation  method  is  realised  by  allowing  the  aerosol 
per  tides  to  spcntaaloosly  fall  onto  a  nutritious  medium,  or  cause 
their  fall  by  variation  of  some  physical  principal*  According  to 
the  germination  of  the  colonies  on  the  culture  radium,  the  quantity 
of  bacteria  in  the  air  is  concluded.  Aelov  are  some  sedimentation 
)  methods* 
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Sport  ten!  ouu  Sedimentation  Method 

Petri  Vessels  with  age r  are  placed  at  various  points  in  the  room 
and  allowed  to  remain  open  for  2*10  minutes,  then  the  vessels  are  cov¬ 
ered  and  hold  at  37  degree  C. ,  in  e.  thermostat,  for  IS  hours  or  at  22 
degrees  C.  for  120  hours,  after  which  the  number  of  resulting  colonies 
ere  counted,  replying  a  computing  chamber  in  cubb  of  noccijJSBity.  This 
method  was  suggested  by  Kokhora  and.  is  still  used,  but  with  adjustments* 
Kere  are  some  adjustments  introduced  by  contemporary  authors. 

Because  the  quantity  of  aerosol  particles,  falling  out  onto  the 
Petri  vessels,  depends  to  some  extent  on  the  direction  of  the  air  flow, 
P.  H*  Matveev  reccomnends  selection  of  the  tests  simultaniously  with 
5  vessels,  situated  cs>a  special  sedinentexy  surface  (wire  frame).  Of 
the  5  vessels,  4  are  placed  almost  verticla  with  the  surface  of  the 
ground  or  floor  with  the  medium  outside;  the  5th  vessel  is  placed  on 
top,  as  if  to  cover  the  chamber  formed  by  the  other  4.  The  results 
ere  computed  on  an  average  of  the  count  of  all  5  vessels. 

According  to  the  author,  this  location  of  the  vessels  allows  for 
the  trapping  of  the  aerosol  partioles  traveling  in  any  direction,  hor¬ 
izontally  or  vertically.  But  the  upward  flow  of  air  was  overlooked 
here,  this  plays  an  Important  role  in  the  pollution  of  the  ait,  which 
Indicates  the  necessity  of  a  sixth  vessel,  directed  down  with  the 
medium  under* 

The  Zokfco  method  doe*  not  represent  the  volume  of  air,  from 
which  the  nersvol  particles  feu  out*  Omeiyaaskii  considers  that  on 
a  platform  100  cm2,  in  5  minutes,  there  will  caul*  approximately  ac 
many  microbe  as  can  be  suspended  in  10  liter*  (0*81  aj)  of  air*  For 
computation,  they  determine  the  surface  of  the  vessels  and  tabulate 
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the  quantity  of  bacteria  into  &  single  volume  of  air.  The  following 
is  an  example. 

Cn  &  Petri  vessel,  which  had  been  subjected  to  5  minutes 
of  exposition,  there  grew  out  125  colonies.  The  radius  of  the  vessel 
is  5  ca.  If  we  apply  the  calculated  data  of  Oiiielyanekii' s,  then  the 
number  of  bacteria  in  1  j&3  of  air  is  equal  to— 


125.  100.  100  _ 

pi  radius  t  annals 


125.  100.  160 

srvzrzs- 


equals  15910 


The  above  method  is  very  simple;  its  disadvantage  is  that  it  does 
not  give  an  exact  determination  of  the  number  of  bacteria  in  a  unit  of 
a  volume  of  air,  and  therefor  it  can  serve  only  as  an  orientattive  ana¬ 
lysis  of  the  air. 

The  second  disadvantage  of  this  method  is  that  the  tempr^ary  ex¬ 
posure  of  the  vee&els(5-10  minutes)  does  not  allow  for  the  collection 
of  a  great  quantity  of  any  other  form, other  than  the  large  particles 
of  aerosols,  therefor  the  calculation  of  the  colonies  of  such  vessels 
cannot  serve  as  a  criteria  of  the  intensity  of  the  bacterial  towing 
of  the  aerosols. 

Method  of  Sedimentation  Stipulated  by  Aspiration  and  a  Blow 
Against  the  Surface 

Of  the  given  group,  the  methods  of  Shafir  and  Krotova  are  die- 
erlbed. 

Shafir  Kethod 

The  principal  of  this  method  la,  that  the  air  being  tested  is 
aspirated  through  glass  cylinders  being  rotated  quickly;  donsequanUy 
the  friction  against  the  internal  surface  of  the  founders  causes  the 


5. 


* 

t 


'  t 

«• 


% 


o 


air  to  attain  a  circular  notion.  Under  the  action  of  the  escaping 
centrifugal  force,  the  particles  suspended  in  the  air,  along  with  $ 
microorganisms,  are  discarded  onto  the  internal  surface  of  the  cylin¬ 
der,  which  is  covered  with  an  adhesive  food  medium  (  the  principal  of 
tho  blow),  and  here  become  fired.  The  cylinders,  with  the  adhering 
bacteria,  are  put  in  thermostats.  The  developed  colonies  are  subject¬ 
ed  to  computation  and,  if  neccessary,  to  differential  testing. 

The  apparatus  for  the  microbiological  analysis  of  the  air  accor¬ 
ding  to  the  above  method,  constructed  by  Prof.  A.  I.  Shafir,  is  illus¬ 
trated  on  graph  l4h.  It  is  composed  of  a  vertically  placed  electric 
motor(l),  supported  from  three  sides  by  rubber  shock  absorbers  (2). 

A  metal  container  is  fastened  to  the  shaft  of  the  motor(3).  A  sterile 
glass  cylinder  is  placed  into  the  container  (b).  Under  the  bass  of 
the  container  there  is  a  spiral  conveyer  of  the  electric  ventilator. 

A  removable  metal  housing  5)  Is  placed  over  the  metal  container  and 
the  cylinder. 

A  metal  air-conducting  tube  (  glass  may  bs  used  for  more  exacting 
work)  is  attached  to  the  apparatus,  this  tube  is  tapered  at  the  top  and 
expanded  at  the  base.  Onto  the  tube  there  is  placed  a  nut  (7),  a  thrust 
collar  (8)  and  a  g&skst  ring|9).  The  tube,  with  the  detailed  fixtures 
is  placed  into  tho  supporting  ring  of  the  jacket  (10)  and  is  tif£teaed 
by  tfcj  nut.  At  tbs  upper  tad  of  the  tube  there  is  a  sleeve,  which, 
with  the  aid  of  a  rubber  tube,  connects  with  the  microoanoceter  (15)* 

Onto  ths  fra.*  of  the  nioroseaonetsr  is  screwed  a  gtge,  corres¬ 
ponding  to  the  sire  of  the  tube  used  in  the  test.  Cn  the  gage  is 
•hewn  the  delivery  of  air  in  liters  per  ulna??*  Two  adjusting  bolts 
(12)  art  used  to  lovol  the  aderomanoseter,  A  level  is  set  on  ths  frame 
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of  the  manometer  {!}),  At  an  indicator  fluid  for  the  mierooanometer, 
leerosine,  tinted  yellow  with  alkanna,  is  used,  She  Indicator  fluid 
is  poured  into  the  flask  of  the  micromanometer  in  a  Quantity  eo  re¬ 
gulated  that  the  menlsc  of  fluid  in  the  tubo  of  the  manometer  coin¬ 
cides  with  the  soro  (0)  of  th*  gage.  Hie  amount  of  air  being  directed 
into  the  cylinder  is  regulated  by  the  slide  valves  located  in  the  cov¬ 
er  of  the  jacket. 

The  wider  the  valves  are  opened,  the  lees  the  amount  of  air  la 
drawn  in  through  the  axle  tubes  and  the  reverse.  The  flow  of  eir  can 
be  regulated  from  IS  to  ho  lifters  per  minute. 

Calibration  of  the  aicromanooeter  can  be  accompli shed  with  the 
aid  of  a  rheometer,  connected  to  the  outside  vent  o i  the  axle  air- 
conducting  tube. 

A  test  with  the  above  apparatus  is  conducted  as  follows:  The 
jacket,  together  with  the  air-conducting  tuba,  is  removed  from  the 
metal  container,  £0-25  ml  of  the  culture  medium  are  placed  into  the 
vylinder.  She  medium  has  been  prllimiaariiy  cooled  and  liquefied, 
ihe  motor  ie  started  sod  then  the  jacket  is  replaced.  She  UquIA 
culture  medium  rises  along  the  walla  of  the  cylinder,  aw  to  the  ro¬ 
tation  of  the  cylinder,  distributing  a  layer  1*55  m  thick. 

The  motor  should  operate  for  10  minv  for  each  test.  She 
bacteria  froa  the  motioned  air  ie  throw:  onto  ths  adhesive  surface 
of  the  culture  medium  and  is  fixed  here. 

After  the  test,  the  £**s  cylinder  is  removed  and  placed  into 
a  thermostat,  bottom  up,  where  it  dries,  then  the  cylinder  is  cov¬ 
ered  with  a  sterile  cotton  stopper  and  it  placed  into  a  closet  for 
detciepeaaat  of  the  colon!**.  A  sareopeptotc  agar  is  used  as  the 
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culture  medium  during  the  quantitive  innumeration  of  the  microbes  of 
the  air.  For  the  analysis  (qu&litive)  of  the  microflora  of  the  air, 
a  corresponding  elective  medium  Is  used:  for  hemolitical  streptoco¬ 
ccus*—  blood  agar,  for  3.  coll—  the  Sndo  medium  etc*  Separate  co¬ 
lonies  can  be  extracted  from  the  cylinder  and  transplanted  on  a  cor¬ 
responding  medium. 

The  counting  of  the  colonies  grown  in  the  cylinder,  and  if  there 
are  rot  too  many  (200-300),  are  conducted  fully.  Curing  an  abundant 
growth,  a  circular  form  is  utilized  for  counting  (2.4) ;  in  this  form 
are  square  apertures.  A  count  is  made  of  the  colonies  in  15-20  of 
these  squares  and  then  an  average  is  determined. 

Knowing  the  measurements  of  the  surface  of  the  squares  of  the 
form  and  the  internal  surface  of  the  cylinder  and  eonsi dering  the 
.^amount  of  air  let  througijfths  apparatus,  it  is  possible  to  det¬ 
ermine  the  number  of  microbes  in  1  &3« 

Example:  250  liters  of  dr  passed  througi  the  apparatus. 

She  average  number  of  col  uni  so  in  one  square  was  28.  She  surface  of 
the  square  of  the  form  is  4  cm2,  sad  the  internal  surface  of  the  cyl¬ 
inder  is  195  cm2  (  height  170  cm  end  diameter  150cm).  She  number  of 
microbes  in  1  *3  of  tested  sir  is: 

»» 

She  di scribed  apparatus  traps  far  from  rll  the  microorganisms  in 
the  air.  According  to  some  date,  its  effectiveness  is  73-?$*-,  sad  by 
other  date  lover.  She  small  particles  of  the  aerosol  are  poorly  trap¬ 
ped  however. 

the  shaflr  separata*  has  sad  is  utilised  la  Soviet  Hedlo&l  Indus¬ 
try. 
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The  Zrotova  Kethod 

The  apparatus  of  TX.  A*  Xrotova  (graph  145)  consists  of  a  cyl¬ 
indrical  body  (1),  to  the  bate  of  which  (2)  there  le  secured  an  el¬ 
ectric  motor  (3).  To  the  axle  of  the  motor  there  Is  attached  a 
centrifugatiug^rentllator  (4),  in  'which  there  le  located  an  ei&fct- 
blade d  Impeller  (5).  To  the  flange  of  the  axle  of  ths  impeller  la 
secured  a  disk  (6)  with  three  springs  (7),  with  the  aid  of  which  the 
vessels  (8)  are  fixed,  resting  on  the  disk  (6).  The  fora  of  the  ap¬ 
paratus  le  covered  by  a  hematic  jacket  (?),  which  it  tightened  down 
by  three  cast  on  locks  (10),  Into  the  cover  it  placed  a  plexiglass 
disk  (11),  having  a  radially  positioned  cunlfora  aperture  (12).  The 
disk  Is  secured  to  the  vessel  by  various  rings  (1J)  with  threads. 

In  the  oenter  of  the  base  of  the  apparatus  there  is  a  sleeve  with 
a  diaphragm  (lb),  to  this  sleeve  is  attached  a  rubber  drweff  tube 
(15)*  The  apparatus  operates  on  both  127  tad  220  volts. 

In  operation,  the  ventilator  rotates  at  4000-5000  rpsn,  which 
centos  an  energetic  aspiration  of  the  air;  the  turbulent  flow  of 
air,  rotating  the  ispeiler  (5)  stipulates  the  rotation  of  tho  disk 
(6), to  which  la  attached  the  Petri  vessel*  The  disk  rotates  at  ft 
rpa*,  which  insures  aa  even  dispersion  of  the  uiorobes  over  the  cou¬ 
plet#  surface  of  the  nediuB, 

0 

kith  tho  aid  of  a  switch  end  a  rheostat,  the  flow  of  air  through 
the  apparatus  e#n  be  regulated  fro#  25-50  liters  per  alaute  (i/sdn). 
The  velum  of  air  is  date  ruined  by  a  autoae  ter  similar  to  the  one  used 
with  tie  Sheftr  apparatus* 

0.  A*  Xrotova  claim  hie  apparatus  e* tehee  twice  as  mah  air 
«  the  Shafir  apparatus  ead  twice  aa  may  Aerobes  in  a  unit  of  a 


volume  of  air.  This  ajiparatus  also  eliminates  the  need  of  glass 
cylinders  "because  the  microbes  are  caught  in  the  Petri  vessels. 

The  Krotova  apparatus  is  also  utilised  in  Soviet  Medic;  1  Indus¬ 
try  at  the  present  time, 

nitration  Method 

The  filtration  method  consists  of  drawing  a  certain  amount  of  air 
through  e  sterile  cloth  filter  or  a  sterile  fluid  medium  and  then 
using  tho  filtered  out  material  for  the  cultivation  of  bacteria. 

The  number  of  colonies  resulting  are  the  bases  of  the  quantity  of 
bacteria  suspended  in  the  air,  and  the  results  are  computed  to  a 
unit  of  volume. 

Mironov  Method 

The  filter  is  prepared  from  a  filter  paper  and, in  the  form  of 
a  cone,  is  placed  into  an  adapter  with  a  diameter  of  3  cm.  The 
edge  of  the  filter  is  curled  down  over  the  edge  of  the  adapter  and 
held  in  position  by  a  rubber  ring.  The  air  is  suctioned  at  the  rate 
of  5U0-70O  liters  ph  hour.  The  filter  is  then  placed  into  a  sterile 
jar  with  glass  balls  then  50  ml  of  sterile  water  it  added  and  all 
tills  is  agitated.  The  obtained  suspension  is  the  material  tor  the 
determination  of  the  bacteria  by  sowing  on  a  culture  medium. 

The  Kiiysvski  Method 

The  author  uses  nonbrane  aitro-cellulose  filters  (Uo.  3), 
which  have  been  used  for  a  long  time  in  the  bacteriological  ana¬ 
lysis  of  v.  t«r. 
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It  is  neccos &rxy  to  note  the t  E.  Ulanova  and  A.  Voroshilova, 
using  membrane  filters  for  the  analysis  of  water  bf.ck  in  1932,  first 
expressed  the  possibility  of  using  these  filters  for  the  bacteriol¬ 
ogical  analysis  of  the  air. 

The  membrane  filters  are  boiled  in  water  for  sterilisation, 
are  dried  and  placed  into  the  Zeltsta  apparatus  with  the  shinny 
surface  to  the  net.  The  air  is  suction  through  the  filter  at  5 
liters  per  minute  for  10  minutes,  or  a  total  of  50  liters. 

A  rheometer  (graph  ihn)  between  the  apparatus  and  the  pu mp  is 
used  to  gage  the  speed  of  the  air  being  suctioned. 

To  ascertain  whether  or  not  there  is  any  bacteria  escape  during 
experiments,  a  cotton  stopper  is  placed  into  the  neck  of  the  appara¬ 
tus.  The  apparatus  Is  sterilized  before  use.  After  the  test,  the 
cotton  wad  is  planted  in  a  bullion*  If  there  was  no  passage  (escape) 
of  bacteria,  then  there  will  be  no  growth. 

After  the  filtration,  the  membrane  filter  is  placed,  shinny  side 
down,  onto  1 %  agar  in  a  Petri  vessel.  The  agar  has  to  be  cooled  be¬ 
fore  the  sowing  of  the  filter  sufficiently  to  avo'd  formation  of 
condensation  of  the  humidity  with  the  separated  vapors.  The  vessel 
is  placed  in  a  thermostat  for  Vs  hows. 

The  membrane  filters,  according  to  the  author,  insure  the  de¬ 
velops  cent  of  various  saprophytic  forms  of  microorganisms  from  the 
air,  able  to  grow  on  a  meat-peptone  medium;  in  this  number  are  the 
aporldiferous  and  pigment  type, 

Zf  the  filters  are  sows  in  a  special  medium,  corresponding  to 
the  five*  type  of  microbe,  than  there  can  be  insured  the  develope- 
sent  of  pathogenic  mioroergnaisae,  filtered  from  the  air. 
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Stamps  on  various  m&uiums  can  "be  prepared  from  the  filters. 

Thus,  the  membrane  filters  cake  possiblo  not  only  the  obtaining 
of  quantitive,  hut  also  qualitive  characteristics  of  the  microflora 
of  the  air, 

Because  groups  of  bacteria  can  be  30wn  on  certain  sections  of 
the  filter,  forming  unitary  colonies  during  growth,  then  the  number 
of  resulting  colonies, are  far  from  coinciding  with  the  number  of 
microorganisms  sown. 

This  is  why  the  author  recommends  the  washing  of  the  filter  with 
15  ml  of  physiological  solution  to  insure  a  full-value  count,  (The 
washed  filter  must  be  sown  separately,  end  the  fluid,  used  for  washing, 
should  be  filtered  through  several  membranes  which  also  are  sown,  The 
results  of  the  count  of  the  developed  colonies  on  all  filters  are  sum- 
or  iced. 


Iferakonova  24ethod 

The  apparatus  (gr-ph  147)  consists  of  a  cylinder,  into  which  are 
put  a  few  glass  balls  and  30-50  ®1  °*  water  (bullion),  The  cylinder 
is  covered  with  a  stopper,  through  which  pass  two  tubes;  the  incoming 
reaching  alsost  to  the  bottom  and  the  outgoing  ending  under  the  stopper, 
The  tuber  ore  oocured  in  place  with  cotton  wads,  A  co  ntrolling  cotton 
plug  can  be  placed  into  the  horizontal  bend  of  the  lead-out  tube.  The 
apparatus  is  sterilised.  All  the  cotton  wads,  except  the  controlling, 
are  removed  from  the  tubes,  The  air  is  suctiosod  co  shown  by  the  ar¬ 
rows  in  graph  1^7*  After  the  test,  it  i#  necessary  to  duratively  and 
carefully  shake  the  oontenta  of  the  cylinder,  after  which  a  sowing  is 
ay  de. 
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The  Shtre.ua 3  Method. 


In  those  cases  when  the  content  of  microflora  in  the  air  is  in 
significant,  then  it  is  recoamendable  to  filter  the  air  directly 
through  the  culture  aodiuc.  The  Shtrauss  apparatus  (graphics)  can  be 
utilized  for  this  purpose,  It  consists  of  a  cylinder  (a),  tapered 
towards  the  bottom;  from  the  side  of  the  cylinder  protrudes  an  outlet 
(b).  Into  the  cylinder  is  placed  a  ground  pipet  (c).  During  testing 
the  apparatus  is  placed  into  warm  water  (37-33  C. }  to  a  depth  of  half 
the  height  of  the  apparatus,  and  into  the  cylinder  is  put  a  liquefied 
gelatin,  an  amount  equaling  half  the  volume  of  the  cylinder.  A  deter¬ 
mined  volume  of  air  is  suctioned  through  the  gelatin,  joining  the  side 
outlet  to  a  rheometer,  and  the  latter  to  an  aspirator.  After  the  test 
the  gelatin  is  spread  evenly  over  the  inside  of  the  cylinder  and  in  this 
form  is  placed  into  a  thermostat  at  22  C.  for  5  days,  after  which  the 
resulting  colonies  are  counted. 

Determining  the  Qualitive  Characteristics  of 
the  Microflora  of  the  Aerosols. 

The  determination  of  the  char&cteri sties  of  the  microflora  of  the 
air  can  pursue  three  problems!  a)  the  determination  of  the  sanitary- 
indicative  microorganisms,  b)  the  determination  of  the  presence  of 
pathogenic  microorganisms  and  c)  the  determination  of  the  presence  of 
fungus  microorganisms. 

The  determination  of  the  presence  of  fungus  microorganisms  is 
realised  through  qycological  analysis  of  the  aerosols. 

Determination  of  the  Seaitary-lnAic,  tive  Microorganism 


tlndor  the  s&nit&ry-indicativc  microorganism  we  understand  tho'je 
microorganisms,  the  presence  of  which  in  a  given  nedivua  (  air,  water 
and  bthers),  indicate  the  determination  of  the  origin  of  pollution. 

Mironov  suggests,  for  the  determination  of  the  presence  of 
sanitary-indicator  microorganisms  in  the  air,  analysis  of  tho  air  for 
the  presence  of  sporifoccus  microbes;  3.  coli,  anaerobes  of  the  per- 
fringens  group,  3.  protens  and  streptococcus.  The  spo.lforous  microbes 
related  to  tho  coil  microflora,  indicate  tho  pollution  of  the  air  by 
soil  dust.  A  large  cpiantitiy  of  B.  coli  in  the  air  indicates  contam¬ 
ination  of  the  air  with  dust  containing  excrement.  Anaerobes  of  the 
group  perfringens  also  indicate  dust  of  a  fecal  origin  in  the  air.  A 
find  of  a  large  cuantity  of  B.  proteus  indicates  the  pollution  of  the 
air  by  products  of  decomposition  of  a  septic  nature.  Finally,  the 
presence  of  a  large  quantity  of  tho  streptococcus  points  to  the  con¬ 
tamination  of  the  air  by  the  exhalations  of  the  upper  respiratory 
tract. 

A.  I.  Shafir  and  others  suggest  considering  the  streptococcus 
viridans  and  streptococcus  haemolyticus  as  indicators  of  the  bacter¬ 
ial  pollution  of  the  air;  these  streptocoocus  are  common  inhabitants 
of  the  human  nasalpharynx.  The  author  believes  that  these  streptoco¬ 
ccus  can  serve  as  indie:  tors  of  the  pollution  of  the  air,  much  as  the 
bacteria  of  the  intestinal  baccilli  group  serve  as  indicators  of  the 
cout&mir.;  Uon  of  water. 

A.  I.  Shafir  considers  that  loss  than  io  streptococci  (viridans 
and  haeaolyticus  in  aggregate)  in  1  &3  of  air  of  an  unvant ilnted  room, 
during  the  summer,  and  }$  in  the  winter  months,  indicates  fairly  clean 


air.  The  detection  of  36  strep  to  cocci  in  the  summer  and  124  in  the 
winter,  in  1  «3  of  air,  indlcatt'3  pollution. 

The  aeperation  of  any  of  the  microbes  from  the  medium,  in  which 
the  micro^lora  of  the  air  vas  c&ught,  and  their  identification  is 
conducted  by  respective  microbiological  techniques}  cowing  on  an  elec¬ 
tive  medium,  study  of  mobility,  morphological,  tinctorial,  cultural, 
biochemical  and  virulent  substances*  The  recommended  techniques  of 
these  determinations  are  identical  with  those  on  Pages  261-264  and 
will  not  be  described  here(  Ebovo  pages  not  translated.). 

Ve  refer  to  the  method  of  determination  of  the  haemolyticus  strep¬ 
tococcus  in  the  air  according  to  P.  F.  Kilyavski.  This  method  is  des¬ 
cribed  in  literature,  but  as  yet  has  not  been  included  in  the  manual. 

Determination  of  Pathogenic  Microorganisms 

In  room  air  there  were  simultaneously  found  pathogenic  microorga¬ 
nisms:  B.  tuberculosis,  B.  dyphteriae,  Staphylococcus  pyogenes.  Strep¬ 
tococcus  pyogenes,  spores  3.  anthracis,  B.  tenaai  and  others.  This 
undoubtedly  indicates  the  possibility  of  aerosol  infections  (dust  and 
droplet  infections). 

In  regard  to  the  detection  of  pathogenic  microorganism*  in  the  air, 
it  is  necessary  to  make  the  following  notations:  a)  during  ths  deter¬ 
mination  of  the  pathogenic  microorganisms  in  the  air,  the  quantitive 
indicator  does  not  play  an  essential  role;  it  is  adequately  certain 
that  the  detection  of  one  pathogenic  microorgtnism  in  the  air  indicates 
the  presence  of  an  origin  of  infection,  b)  the  non-drtection  of  patho¬ 
genic  microorff-nieaa  has  only  a  relative  value  because  of  the  ineigni- 
fictnt  quantities  of  pathogenic  miaro organisms  in  th#  air  the  relative 
difficulty  in  detecting  them  and  0)  the  above  mentioned  lack  of  a 


concentration  of  pathogenic  microorganisms  in  the  air  dictates  the  nec¬ 
essity  of  searching  for  them  in  large  volumes  of  aerosols, 

Relative  to  what  was  said  in  point  b),  it  is  expedient,  during  the 
analysis  of  the  air  for  pathogenic  microflora,  to  utilize  apparatuses 
which  allow  the  filtration  of  large  quantities  of  aerosols  through  the 
bactorio-collecting  mediums.  Of  these  apparatuses,  we  cun  suggest  tho 
apparatus  of  hechmenaJci  (  graph  1^9). 

The  at.pfratus-  aeroceutrifuge  consists  of  a  disk  (a),  secured  to 
the  axle  of  the  electric  motor  of  a  fan  (room  ventilator)  (b),  from 
which  the  bl< dos  have  been  removed.  On  the  disk  are  secured  fourn 
curved  glass  tubes  (c).  The  form,  sl2e  and  location  of  these  tubes 
are  analogical  w-th  thr  blades  of  the  centrifugative  hydro turbine  of 
Frenzia.  On  the  inside  surface  of  the  tubes  are  placed  plates  of 
cellophane,  which  arc  smeared  with  vaseline.  The  apparatus  is  ecuiped 
with  a  rheostat  (d)  for  regulation  of  the  rotation  speed  of  the  disk. 
Upon  rotation  of  the  disk,  the  air  enters  the  tubes;  the  aerosol  par¬ 
ticles  strike  and  adhere  to  the  cellophane.  The  sowing  of  the  micro¬ 
flora  plates  is  done  by  impressing  then  into  an  elective  medium.  The 
described  asrocentrifttgOL  apparatus  was  utilised  with  success  in 
practical  conditions. 

The  method  of  seporating  and  identifying  the  pathogenic  tw  ctoria, 
collected  from  the  atmosphere,  is  vjt  written  up  here. 

geological  Methods  of  Studying  Aerosols. 

As  was  pointed  out  above,  the  fungus,  encountered  in  the  air.  can 
stipulate  an  infection  such  as  pulmonary  sycosis,  fungus  fevsr  and 
others.  The  infection  arises,  evidently,  only  in  those  cases  when  the 
fungus  is  in  the  sir  in  massive  quantities,  arriving  there  together 
with  the  aerosol  particles.. 


16 


The  method  of  determination  of  the  fungr.l  flora  in  the  air,  as 
with  the  determination  of  the  "bacterial  flora,  is  composed  Of  three 
stages:  collection  from  the  air,  cultivation  on  a  medium  and  lastly, 
identification,  o'ollecting  of  the  fungal  flora  is  accomplished  the 
same  as  v.ith  bacterial  flora. 

Eelativ©  to  the  last  two  stages,  it  is  necessary  to  say  the 
following:  the  fungi  grow  w4li  on  various  mediums,  however,  the 
morphological  ability  of  the  fungi  can  vary  according  to  the  consis¬ 
tency  of  the  medium.  Therefore,  for  the  obtainment  of  a  consistent 
identification,  the  medium  of  Saburo  is  usually  used  in  the  following 
consistency:  agar  1.8  gram,  peptone  1  gram,  maltose  4  grams  and  dis¬ 
tilled  water  100  ml.  A  similar  quantity  of  glucose  can  be  used  instead 
of  the  maltose.  For  durative  conservation  of  the  culture,  it  is  nec¬ 
essary  to  remove  the  carbohydrates  from  the  medium  to  avert  the  degen- 
eative  variations  in  the  growth  (pleomorphism). 

On  the  Saburo  medium,  the  Aspergillus  fumigatus  forms  dry  fluffy 
colonies  of  a  greenish-brownish  color,  which, with  the  develpraent  of 
fertility,  acquire  an  appearance  as  if  covered  with  flour;  the  Penic- 
illium  form  flat  velvet  colonies  of  various  colors;  line or  gives  col¬ 
onies  having  the  look  of  fluffy  formations.  The  optimal  growth  is 
accomplished  at  a  temperature  of  26-28  0. 

The  identification  is  conducted  mainly  on  the  results  of  the 
microseopio  studies;  detectors  are  utilised  during  this. 

Often  It  is  valuable  to  analyse  for  the  presence  of  those  fungi, 
not  aerosols,  but  those  objects  which  could  have  served  as  ths  origin 
of  the  air  pollution;  •  sprain, rags, etc.  (267-270). 
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Discussion  and  Suan&ry 


In  the  US  all,  to  this  tine,  there  has  not  been  accepted  nny  stan¬ 
dard  method  of  determining  the  bacterial  contairdnaticn  of  the  air. 

The  numerous  methods,  described  by  mcny  authors,  on  the  study  of 
the  bacteriil  flora  of  the  air  suffer  substantial  deficiencies.  This 
is  in  respect  to  those  methods  which  are  directed  to  the  determination 
of  the  intensity  of  the  bacterial  contamination  of  the  air  {  the  gen¬ 
eral  quantity  of  microorganisms  in  &  unit  of  a  volume  of  air  and  the 
determination  of  the  number  of  sanitary-indicative  bacteria  in  a  unit 
volume  of  air).  To  a  lesser  degree,  this  is  true  of  those  methods  of 
detecting  the  pathogenic  microflora,  where  the  c.uar.titive  indicator 
does  not  play  a  great  role. 

The  basic  deficiencies  in  the  determination,  of  the  intensity  of 
the  bacterial  pollution  of  the  air  ere,  in  our  view,  the  following: 
a)  regarding  the  method  of  spontaneous  sedimentation-  the  question 
of  the  volume  of  air,  from  which  the  bacteria  is  falling  out,  is  not 
certain  and  also,  many  times  the  bacteria  does  not  succeed  in  settling 
in  the  short-tine  exposure  and  escapes  counting;  b)  regarding  the 
sedimentation  method  stipulated  by  aspiration  with  percussion  against 
a  surface-  the  disruption  of  the  physical  structure  of  the  aspirated 
aerosol  particles  and  besides,  there  is  not  a  full  collection  of  the 
baoteric;  o)  regarding  the  filtration  method-  the  greatest  deficiency 
lice  in  the  disruption  of  the  physical  structure  of  the  aerosols  during 
aspiration* 

In  our  view,  tests  of  dur&tivo  sedimentations  of  the  bacteria 
fron  an  isolated  volume  of  air  {  with  an  apparatus  of  thr  Cvcns- I I 
type*  large  else)  or  «*ort  timed  teate  of  sedimentation,  stipulated 
by  elsctroprecipitation  (  in  apparatuses  of  the  type  know  as  the 
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electroprecipitator  of  Truhanov)  would  bo  interesting  and  the  possible 
solution  to  the  question  of  the  intensity  of  the  bacterial  contamina¬ 
tion  of  the  air,  A  slide,  with  culture  medium  on  it,  serves  as  the 
bottom  of  §11  these  apparatuses 

Microbiological  Methods  of  Studying  Aerogels 
For  the  microbiological  study  of  the  aerogels,  it  is  aeccscevy  to 
talca  a  weighed  portion  of  a  given  type  of  eerogel,  This  is  attained 
oy  a  collection  of  the  aerogels  from  walls,  mouldings,  floors,  furni¬ 
ture  and  other  items  by  using  a  sterilised  cotton  tarpon  or  a  steril¬ 
ized  small  brush  and  removing  the  aerogels  into  a  preliminarily  weighted 
sterilized  glass.  The  aerogel  so  removed  is  weighted  and  placed  by 
quantity  into  a  cylinder,  in  which  ere  placed  glass  balls  and  a  specific 
amount  of  a  physiological  solution  (bullion). 

To  inburo  an  even  spreading  of  tha  aerogel  particles  in  the  fluid, 
it  is  shaken  (  not  less  than  200  times)  and  agitated  by  the  glass  balls 
in  the  cylinder.  The  suspension  obtained  is  sewn  on  Petri  vessels, 
which  contain  a  culture  medium.  On  the  basis  of  the  calculation  of  the 
colonies,  they  soke  a  conclusion  of  the  degree  of  sowing  of  the  aerogel. 
They  thin  the  suspension  when  necessary. 

Eraaple;  a  suspension  was  prepared  from  1.4  grams  of  dust 
in  100  al  of  physiological  solution.  Various  dilutions  were  prepared 
from  this  suspension  and  sown  on  agar  in  1  ml  quantities  of  a  3*10 
solution.  Tha  number  of  resulting  colonies  were  2&,  from  this  we 
conclude  that  on  1  gran  of  aerosol  there  takes  placet 

28.  ICO.  10  .  _  . 

— — — —  ■■  equal*  20000  aicroorgsaisae. 
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The  qualitive  a a  well  as  the  homologous  characteristics  of  the 
microglora  of  the  aerogels  are  oMainod. 

Methods  of  Studying  the  £n trance  of  Aerosols  into  the 
Organism  of  Humane  during  Breathing 

Here  we  do  not  intend  to  write  up  the  methods  of  studying  the 
pathologoanatomical,  pathoiegophysiologicel,  biochemical  tad  phys¬ 
icochemical  variations  which  occurr  in  an  organism,  stipulated  by 
the  inhalation  of  one  or  another  aerosol.  These  questions  go  beyond 
the  limits  of  this  book.  Ue  intend  to  explain  that  method  which  will 
enable  the  deriving  of  a  judgement  of  the  dispersive  phase  of  the 
aerosol  during  their  entrance  into  an  organism.  The  following  quest- 
io..3  well  be  written  on:  1)  determination  of  the  weight  quantities 
and  degree  of  dispersability  of  the  dispersive  phase  of  the  aerosols 
inhaled  by  humans ;  2)  determination  of  the  retainment  of  the  dispersed 
phase  of  the  aerosols  in  the  respiratory  tract  and  lungs  upon  inhala¬ 
tion;  3)  determination  of  the  solubility  of  the  dispersed  phase  of  the 
aerosols  in  the  fluid  of  the  body.  In  conclusion  we  will  set  forth 
sovvrsl  physiological  acts  (conversation,  coughing,  etc.)  and  the 
aedthod  of  conducting  a  biological  experiment  in  the  aerosol  field. 

Determination  of  th«  Weight  quantities  and  Dogree  of 

Dlspsriability  of  the  Dispersive  Phase  of  the  Aerosols 
Inhaled  by  **»»?*» 

a)  Determination  of  the  weight  qualities. 

The  quantity  of  dust  Inhaled  by  nan  under  various  circumstances 
has  interested  many  lu'-hox*  for  tome  time.  These  quantities  were 


ordinarily  considered  on  the  basis  of  the  determination  af  the  weight 
concentration  of  dust  in  the  air;  by  this  we  undor stand  that  a  man  in¬ 
haled  400-500  liters  of  air  in  one  hour  average. 

Thus,  Gesso,  on  the  basis  of  the  resets  obtained  by  kin,  cal¬ 
culates  that  in  a  years  tine  a  worker  inhales: 


Location.., 

Kill 

Weaving  plant 
Paper  Kill 
Eat  shop  (factory) 
Iron- works  plant 
Bristles  plant 


Grans  of  dust, > • . . , 

71.55 

4.5 

37.35 

9.63 

150.0 

6.4 


According  to  Arons,  the  workers  inhaled  in  a  similar  length  of 
tie#  as  follows: 


Bristles  plant 
Sawmill 
Tur  factory 
Iron-works  plant 
Snuff  fao  tnry 
Cerent  plant 


15.0 

27.0 

37.0 

42.0 

108.0 

336.0 


Of  the  Su siaa  cathors,  Okanevtki  agree t  with  this  method  of 
oaleulatlay  the  quantity  of  dost  inhaled  by 

The  do-twrlbsd  caloulatione  would  be  correct  if  the  aspi rating 
apparatuses  sad  all  the  situations  in  general  would  fully  imitate 


the  activity  of  the  rssoiratory  apparatus  of  humans,  especially  in 


regard  to  the  suctioning  of  the  air.  In  reality,  such  apparatuses  are 
not  utilized  in  determining  the  dust  in  the  air;  thia  is  tho  reason 
there  have  been  deficiencies  in  the  determination  of  the  inhaled  dust. 

let  us  analyse  the  simplest  features  of  the  action  of  the  human 
respiratory  system  in  regard  to  the  aspiration  of  the  air,  in  contrast 
to  the  action  of  those  apparatuses  of  aspiration  used  in  tho  tpiantitive 
determination  of  dust. 

The  respiratory  action  af  a  human, as  is  known,  is  realized  through 
the  nasal  appertures,  Only  in  those  c..ses  where  the  passage  of  air 
through  the  nose  is  obstructed  (  swelling,  inflammation,  etc.)  is  the 
air  deverted  to  the  mouth  and  nose  or  the  mouth  alone. 

Th8  nasal  apertures  have  a  cross  section  of  1. 5-2  cm2  and  are 
usually  directed  down. 

Each  inhalation  and  exhalation  involves  about  500  ml  of  air.  In 
the  course  of  a  minute,  on  the  average,  a  person  makes  lWl?  inhalations 
and  exhalations;  the  exhalations  are  accomplished  slower  than  the  in¬ 
halations,  so  that  the  relation  of  the  period  of  exhaling  to  tho  period 
is  e<*ual  to  two  on  the  average. 


of  inhaling 


(15) 

She  respiratory  variations  of  the  pressure  of  the  air  in  the  nasal 
area  is  a  negative  pressure  of  9-10  mm  of  a  water  column  during  inhal¬ 
ation  and  a  positive  pressure  of  7-8  mm  daring  exhalation. 

rxsricg  physical  strain  the  venilati^n  of  the  lures  is  definitely 
increased,  and  instead  of  S  liters  a  minute,  a  person  can  inhale  ;0-^5 
liters  of  tlr;  the  amplitude  of  the  respiratory  va.i,  tioaa  of  pres¬ 
sure  of  the  air  is  the  respiratory  tract  tlsc  lacrosse  at  th*s  time* 
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We  established,  by  experimental  means,  that  forceful  respiration 
can  attain  a  negative  pressure  of  100-120  mm  of  a  water  column  during 
inhalation  and.  a  positive  pressure  of  £0-100  mm  during  exhalation. 

Therefore,  to  characterize  the  a Bpi rational  action  of  the  respire** 
tory  apparatus  of  man,  we  must  keep  in  mind:  1)  the  direction  of  the 
nasal  apertures;  2)  the  size  of  the  cross  section  of  them;  the  quantity 
of  air  inhaled  at  one  tine;  the-  negative  pressure  developed  in  the  nasal 
area  during  inhaling;  3)  alternation  be tv/een  inhaling  and  exhaling  and 
4)  the  variation  of  the  ventilation  of  the  lungs  relative  to  the  work. 
The  direction  of  the  nasal  apertures  during  the  suctioning  of  dust 
has  the  following  meaning:  the  falling  dust  particles,  located  near 
the  nasel  apertures  at  the  moment  of  entrance,  are  subjected  to  two 
forces,  which  are  gravity  and  the  suctioning  action  of  the  respiratory 
system.  2he  fate  of  this  or  that  dust  particle  will  depend,  as  we 
see  it,  on  the  equality  of  these  two  forces.  Therefore,  only  those 
dust  particles  whose  weight  forces  are  exceeded  by  the  suctioning 
forces  will  be  ccrried  into  the  respiratory  system. 

This  reasoning  is  in  regard  to  the  first  two  tapes  cf  dust  of 
the  Jibbs  classification.  Dust  particles  of  the  third  type,  with 
diameters  of  0,1  micron  and  snallor,  located  in  a  constant  Brownian 
movement,  can  be  carried  into  the  respiratory  tract  with  very  little 
suctioning  action  end  even  without  any.  But,  because  of  the  small 
size  of  these  particles,  they  do  not  have  any  serious  importance  in 
the  calculation  of  the  weight  quantity  of  the  dust  inhaled  by  man. 

Who  above  reasonings  can  also  be  useless  in  those  cases  where 
the  dust  travels  sideways  from  a  giver,  origin,  up  and/or  down.  But 
orrn  in  tnese  coses  the  angle  of  the  nasal  apertures  is  important  in 
determining  whether  or  not  the  duct  particles  will  be  carried  into 
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the  respiratory  system  of  men  by  the  suctioning  force,  or  voluntarily 
by  the  air  movements. 

The  gre.  ter  the  negative  pressure  is,  the  more  the  ceteris  pari" 
bus-quantity  of  dust  inhsied  into  the  lungs  will  be,  and  the  reverse. 
The  alternation  between  the  inhaling  and  exhaling,  which  could 
influence  the  quantity  of  dust  inhaled,  cooes  to  this;  after  the 
suctioning  action  carrying  the  dust  particles  in  during  inhaling, 
there  is  a  repelling  force  of  these  same  particles  during  exhaling. 
Thus,  thedeterminntion  of  the  flow  of  air,  affecting  the  amount 
of  dust  inhaled,  is  stopped  at  the  outer  respiratory  tracts  of  man. 

The  variation  of  the  action  of  the  respiratory  apparatus  of  man. 
while  working  also  is  important  in  regard  to  the  amount  of  dust  in¬ 
haled,  because  the  variation  of  the  ventilation  of  the  lungs  is 
accompanied  by  a  variation  in  the  pressure  of  the  air  in  the  basal 
area  and  consequently,  in  the  amount  of  dust  suctioned  in. 

Having  given  a  short  review  of  the  action  of  the  human  respira¬ 
tory  apparatus  as  an  aspirator,  let  us  review, concisely  the  action 
of  those  apparatuses  which  are  utilized  often  during  the  quantitive 
detetmination  of  dusts,  and  namely,  the  ?etri  pump,  bellows,  water- 
jet  pump,  cylinder  and  reversible  aspirators. 

The  action  of  the  apparatuses  w;  a  determined  with  a  cotton  filter 
attached  to  the  apparatuses.  The  connecting  rubber  tubes  had  a  dia¬ 
meter  of  10-12  ram  and  an  avert-#’*  length  of  1,5-2  m.  The  negative 
pressure  of  these  apparatuses  wc*  determined  by  a  water  manometer. 

The  spsrd  of  the  suctioned  air  was  determined  by  a  cv.tatherr.omotor, 
and  Stale  show*,  the  tpcod  of  thu  cir  movement,  determined,  by 
the  ctt^thcrioiuutor.  fallen;  1 aeg-tiva  procure,  indue- slag  ui d 


decreasing  with  it  according  to  theoretical  considerations.  The  det¬ 
ermination  of  the  action  of  the  apparatuses  was  made  in  comparison 
with  the  action  of  the  respiratory  apparatus  of  man. 

Table  15  shows  that  there  are  variations  between  the  actions  of 
the  apparatuses  themselves,  and  between  the  apparatuses  and  the  res¬ 
piratory  action  of  the  human  o r genet. 

This  undoubtedly  is  true  of  many  other  apparatuses  used  in  the 
quantitive  determination. of  the  dusts  in  the  air. 

The  discribed  characteristics  of  the  action  of  any  of  the  devices, 
with  extensive  conclusivenssa,  indicate  into  what  group  of  errors  the 
above  authors  are  placed,  relative  to  the  determination  of  the  quant¬ 
ities  of  dust  inhaled  by  man. 

More  significanly,  exact  data  can  be  obtained  by  physiological 
aspiration  methods,  using  the  human  respiratory  apparatus  as  the 
suctioning  device. 

But  here  we  must  make  a  limitation:  the  physiological  method  of 
aspiration  cannot  give  exact  d«t a  on  the  quantity  of  dust  inhaled  by 
man  because,  using  any  device  for  the  aspiration  of  the  air  through 
any  filter,  we  dispupt  the  normal  breathing  in  rhythm  and  depth,  which  ' 
should,  by  the  nature  of  things,  Reflect  on  the  quantity  of  suctioned 
dust. 

All  the  physiological  aspiration  methods  respresor.t  some  interest 
and  value  according  to  the  following:  as  all  other  methods,  it  con 
give  material  far  the  eoaporative  ^valuation!  of  tl;o  dust-pollutioa 
of  the  air,  while  at  the  same  time,  this  material  car.  utilised  for 
conclusions  of  th«  approximate  quantities  of  duet  inhaled  by  ki,  very 
valuable  relative  to  to^ie  typo  duet. 
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Arnoldov,  leaann  and  others  applied  the  physiological  method 
of  aspiration  , 

Considering  that  this  method  was  not  sufficiently  developed  and 
verified,  ve  tried  to  improve  on  it, 

We  constructed  a  device,  illustrated  on  graph  I50,  v/hich  consists 
of  three  parts.  Part  A  is  a  glass  tuba  7  ^  long.  The  inlet  opannings 
have  a  cross-section  of  2  cm2  and  are  directed  dcvin.  Throe  such  tubes 
belong  to  the  apparatus.  The  tubes  and  respective  covers  for  them  are 
numbered.  A  filter  i6  placed  into  these  tubes.  Part  3  of  the  appara¬ 
tus  is  also  a  glass  tube,  but  shorter  than  the  tube  A,  and  this  tube 
ends  in  a  chamber,  from. which  lead  two  tubes  S  mm  in  diameter. 

Tube  A  is  tapered  and  fits  into  tube  3  tightly,  at  a  distance 
of  2.5-3  cm. 

The  third  component  of  this  apparatus  is  C,  composed  of  two  nasal 
adapters, with  cup-like  apertures  which  fit  the  nostrils  on  one  end  and 
tapered  on  the  other  end  to .fit  into  the  outlets  of  part  B,  where  they 
axe  held  in  position  by  rubber  sleeves.  An  adjusting,  sliding  band 
holds  the  device  in  position  during  testing  (  graph  151).  This  band 
attaches  to  another  band  which  is  positicnea  on  the  hoid  of  the  sub¬ 
ject  like  a  cap  and  holds  the  device  up.  A  filter  is  smeared  with 
vaseline  and  attached  to  tube  A,  when  using  this  device,  it  is  nec¬ 
essary  to  inhale  through  the  nose  and  exhale  t brought  the  mouth.  The 
testing  should  last  to  one  hour.  The  filter  is  weigthed  boforo  tests 
began. 

The  tests  car.  be  conducted  on  experimental  personnel  or  or.  lab¬ 
oratory  workers.  Tho  filters  are  again  weighted  _r.d  tho  difference  in 
the  weights  is  tho  amount  if  dust.  The  results  are  calculated  to  units 
C.'  tine. 
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The  three  A  type  tubes  aid  in  conducting  repeated  tests  or  tests 
in  different  sections  of  a  room  and  at  different  times* 

We  tried  to  suction  the  air  via  the  mouth,  but  the  results  were 
unsatisfactory  because  the  air  enters  the  nose  also,  which  cannot  be 
controlled  or  closed  because  it  is  uc;d  to  exhale  this  same  air.  To 
the  time  of  this  writing,  the  most  rccommendtble  type  of  device  to  use 
is  the  nasal  type.  The  filters  can  be  of  cotton  cloth  or  cotton  paper, 
both  give  fair  results. 

,  Discussion  and  Summary 

The  question  of  the  wei$it  quantity  of  dust  inhaled  by  can,  hav¬ 
ing  an  important  meaning  relavtive  to  the  harmful  type  dusts,  cannot 
be  answered  by  the  ordinarily  applied  methods  of  weight  determinations 
of  dusts. 

iiost  of  the  aspiration  methods  now  used  for  the  weight  determina¬ 
tions  are  far  from  representing  the  actual  human  system  of  suctioning, 
and  therefore  we  cannot  make  any  conclusions  on  the  quantity  of.  dust 
inhaled  by  man. 

The  data  obtained  by  sedimentation  methods  are  even  core  uncer¬ 
tain  than  those  obtained  by  aspiration. 

The  same  thing  applies  to  the  photometric  methods  used  for  the 
determination  of  the  weight  concentration  of  dust  in  the  air.  They 
are  approximate  in  this  respect,  but  in  measuring  the  amount  of  dust 
inhaled  by  ran,  they  ore  poorly  regarded* 

Therefore,  the  wither  believes  that  the  best  method  is  the  fil¬ 
tration  uethod,  using  devices  to  filter  the  air,  but  using  the  hueu-n 
respiratory  system  as  the  aspirator. 

b)  Determination  of  the  degree  of  dispersion. 


'  27 


The  follov/ing  method  was  applied  by  Vigdorchik  and  fotrov  for 
the  solution  to  this  problem;  &  small  polished  round  cover  glass, 
smeared  with  a  fixing  medium,  was  inserted  into  the  nose  of  the  per¬ 
son  being  U3ed  in  the  test.  The  glass  was  removed  after  an  hour  and 
carefully  studied  under  a  microscope  for  the  size  of  the  particles. 

The  degree  of  dispersion  was  calculated  from  the  results.  The  tests 
were  conducted  with  indiviuals  doing  light  work.  Table  17  gives  the 
results  of  two  types  of  dust. 

The  table  shows  that  in  99#  of  the  cases  the  si  so  of  the  part¬ 
icles  was  no  higher  than  5  microns  and  a  small  quantity  of  the  part¬ 
icles  had  a  sice  of  from  5-10  microns  (1#).  There  were  no  particles 
with  a  diameter  of  over  10  microns. 

The  above  results  are  supported  by  those  obtained  by  Petrov  and 
Anchutina  during  their  study  of  mucus,  taken  from  men  working  in  dust. 
Less  than  1#  of  the  mucus,  according  to  the  authors,  was  incorporated 
with  particles  of  over  10  microns. 

It  is  undoubtable  that  during  heavier  work,  when  the  respiratory 
system  increases  the  suctioning  action,  that  larger  particles  do  en¬ 
ter  the  organism,  but  this  problem  needs  further  study. 

> 

Determination  of  the  Entrapment  of  the  Dispersive  Phase 
of  Aerosols  in  the  Respiratory  Tract  and  Lungs  during 

Breathing 

A  certain  amount  of  the  aerosol  particles,  inhaled  through  the 
nose,  recoin  in  the  nose,  Leoonl  estimates  this  at  5-d0>  Such  a 
large  quantity  is  attributed  to  the  peculiar  abilities  of  tho  rose 
to  filter  the  air.  Other  authors  luoto  the  figure  as  being  lover- 
30- >  and  no  higher.  The  degree  of  dispersion  of  the  aerosol  plays 
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an  important  role  in  this  question.  E.  A,  Vigdorchik  showed  that  the 
filtration  ability  of  the  nose,  relative  to  highly-disperslve  smoke, 
such  as  smoke  of  coal,  .tobacco  and  magnesium,  Is  so  negligible  that  it 
escapes  determination. 

The  aerosol  particles  which  enter  the  nose  and  the  lungs,  depend¬ 
ing  on  their  size,  rarely  exceed  5  microns. 

A  email  percentage  (  average  10$  of  the  aerosol  particles  are  ex¬ 
pelled  with  the  exhalation  force.  Some  are  expelled  with  the  nasal 
mucus  and  others  enter  the  food  tract. 

i’or  the  determination  of  the  quantity  of  aerosol  particles, 
inhaled  and  entrapped  in  the  respiratory  tract,  .they  usually  use  the 
following  method:  .  in  a  dust  chamber  they  create  a  determined,  and  as 
much  as  possible  stable,  concentration  of  some  aerosol.  They  deter¬ 
mine  either  or  both,  the  weight  and  particle  concentration  of  the  in¬ 
haled  and  exhaled  air.  Rom  this  is  calculated  the  weight  or  particle 
quantity  of  dust  retained  in  the  respiratory  system. 

'./hen  the  dispersed  phase  is  in  a  drop-liquid  form,  they  use  chem¬ 
ical  methods  for  tho  determination,  yellowing  are  some  methods. 

She  Method  of  Tlgdorchik  and  Ifetrov,  For  Aerosol  Particles 
of  tho  Higher-  thaa-Ul  t  rami  cron  Order 
The  principal  of  the  aethoo.  is:  with  ths  aid  of  an  Owens-Z  aster, 
there  are  collected  specimen  of  the  inhaled  and  exhaled  air;  computing 
the  results  of  the  count  and  determining  ths  dispersion  of  the  aerosol 
particles  of  any  test,  it  is  possible  to  conclude  the  quantity  of  ptrt- 
idea  entrapped  in  the  respiratory  tract  and  lungs. 

To  enable  the  selection  of  testing  either  the  inhaled  or  exhaled 
air,  the  authors  constructed  the  a*ek  illustrated  on  graph  152.  On  the 
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flat  surface  at  the  bottom  of  the  mask  are  two  apertures*  "both  loading 
into  valves.  The  valves  H  and  17-1  are  cylindrical  tubes  into  which  are 
placed  the  mica  discs  il  and  1KL.  Upon  Inhalation  both  discs  rise;  disc 
H  lets  in  the  air  through  valve  17  (inhalation  valve),  while  disc  14-1  in¬ 
tercepts  the  flow  of  air  through  velve  IM.  (exhalation  valve).  The  re¬ 
verse  is  true  upon  exhalation.  To  conduct  a  selection  of  specimen  of 
the  air  from  the  mask  with  the  C wens- I  device,  a  tube  (E)  is  soldered 
to  the  frost  surface  of  the  mask.  The  tube  is  30  mm  long  and  20  mo  in 
diameter.  On  the  flat  front  surface  of  the  tube  are  two  apertures  n 
and  n,  S  mm  in  diameter.  The  apertures  are  opened  and  closed  by  a 
rotating  disk  with  two  holes.  The  subject  wearing  the  mask  controlls 
this  to  furnish  either  inhaled  or  exhaled  air.  The  Owens-I  meter  is 
connected  to  the  tube  K.  The  sample  of  air  is  token  at  a  distance  of 
3  cm  from  the  mouth.  The  sample  is  usually  taken  after  the  9th  exhal¬ 
ation  after  doning  the  mask,  this  allows  for  clearing  the  mask  of  fowl 
air  etc. 

The  subjects  wearing  the  masks  in  the  tests  preliminarily  acquaint 
themselves  with  the  mask  end  bra:  thing  through  it  so  as  to  afford  the 
host  normal  conditions. 

The  following  dusts  were  tested:  room,  quarts, coal  and  tobacco. 

The  latter  three  were  created  and  tested  in  chambers,  one  ox'  whioh  is 
described  below. 

As  a  result  of  their  tests  on  two  subjects,  the  authors  come  to 
the  following  conclusions;  1)  the  larger  the  particles,  the  more  they 
became  entraped  in  the  respiratory  system  and  lungs;  the  percentage 
was  fluctuai  fro*  12* l  for  room  dust  to  1*7.1  for  tobacco  dust;  2)  ths 
physicochemical  peculiarities  of  the  dust  do  affect  the  degree  of  their 
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entrapment;  coal  duet  was  entrapped  most  in  both  subjects,  this  being 
for  fractions  below  1  micron;  3}  the  comparison  of  the  entrapment  dur¬ 
ing  mouth  and  nasal  breathing  indicated  that  the  general  percentage  of 
entrapment  in  a  majority  of  the  cases  is  more  during  nasal  breathing, 
but  for  particles  of  less  than  1  micron,  no  regularity  exists. 

Vigdorchik  Method  for  Aerosol  Particles  of  the  Ultraaicron 

Order 

The  principle  of  the  method  is  as  follows:  The  smoke  particles 
in  the  inhaled  and  exhaled  air  are  computed  with  a  meter  and  a  cal¬ 
culation  of  the  difference  gives  the  amount  of  entraped  particles, 
occurring  during  the  breathing  process* 

The  tests  were  conducted  with  smoke  obtained  from  buring  tobacco, 
lump  coal  and  magnesium*  The  concentration  of  particles  for  smoke  was  . 
from  65,000  to  375,000  particles  per  ml  for  tobacco,  ^5,000  to  310,000 
for  coal  and  65,000  to  300,000  for  oxide  of  ma&xesiua. 

An  apparatus,  constructed  for  the  test,  is  illustrated  on  graph 

153. 

The  eubjecte  in  the  teste  used  the  it  mask  which  adapted  to  the  face 
with  an  obturator.  In  the  lower  section  of  the  mask  war's  two  mica  valves; 
one  for  inhaling  and  one  for  exhaling.  Sdrestly  across  from  the  mouth 
was  a  diaphragm  which  could  be  opened  or  dosed  upon  inhalation  or  e»- 
hd;  tion  by  the  subjects*  The  mask  was  secured  to  a  support,  which  was 
in  turn  secured  to  a  tads* 

She  authors  utilised  two  counters  for  the  cosputstion  of  the  tasks 
particles.  One  for  the  inhaled  air  and  o&v  for  the  exhaled  air*  Qo 
graph  153  the  designates  0-1,  fr-l  sad  0-1  are  the  microscope  drain  grooves 
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and  condensers  for  the  computation  of  the  ultrnaicrons  of  the  inh:.led 
air;  V-2,  S-2  and  02  are  for  the  exhaled  air*  HI-  valve,  by  which  air 
samples  were  taken  from  the  chamber  K,  H2-valve  which  directed  air  into 
mask.  The  aspiration- of  the  air  to  the  drain  channel  S  2  was  done  with 
the  aid  of  on  aspirator  (  not  shown  on  the  gr&pb)  through  the  rhooaitir 
l.  The  aspiration  of  the  air  into  the  matte  Was  done  by  the  inhaling 
of  the  subject.  The  exhaled  air  was  partially  released  through  the  mica 
exhalation  valve,  and  in  part  through  the  connecting  tube  D,  into  tho 
the  drain  channel  of  the  computer  of  the  exhaled  air  Si;  during  thio 
test  the  subject  opened  the  g*te  vaiva  at  the  end  of  "&ch  inhalation, 
opening  the  path  for  the  exhaled  air  to  the  coiqputer.  The  electricity 
for  the  lighting  was  obtained  from  the  transformer  T,  which  realeased 
up  to  11  volts.  The  above  apparatus  also  hud  an  adapter  to  control  the 
tempers  ture  of  the  exhaled  air  in  the  tube  D.  This  was  done  with  cr. 
electric  current  to  the  tube  D  and  drain  channel  SI,  with  the  he_t 
regulated  by  the  rhcostal  B.  This  was  done  to  avert  concentration  of 
the  smoke  during  its  passage  through  the  tube  2  and  drain  channel. 

A  differential  thermo-element  (t)  was  used  fer  the  control  of  the 
te^erature;  one  Junction  was  in  the  cask  end  the  othor  at  the  exit  of 
the  drain  channel.  The  teste  were  conducted  ct  a  scro  position  of  the 
pointer  of  the  gulv^ooeter  0,  that  is,  at  cne  and  the  suot  tempera¬ 
ture  air  in  the  mask  cad  in  tho  drain  channel,  with  the  uia  of  the 
above  described  equipment  h.  A.  Vigdc.chik  »*ta<liohed  th~t  the  smoke 
of  tabfccc  is  eatrepped  in  various  persons  at  a  fc— ?o>*  average,  iu-.p 
coal-  fi—  JU*  itad  suoke  of  oxide  of  magnesium 

Tho  above  method  does  not  offer  the  possibility  of  establishing 
what  portion  of  the  highly-disperslve  particles  penetrates  into  the 
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deeper  sections  of  the  lungs  because  the  entrapment  could  take  pi t\ca 
in  the  walla  of  the  respiratory  paths, as  with  inhaling,  eo  with  exha¬ 
ling.  One  defficiency  of  tho  met!  od  is  the  irregular,  by  characteres- 
tic  tnd  b;  intensity,  aspiration  of  the  air  from  the  chamber  directly 
;'nto  the  ut.sk  and  drain  channel,  The  other  defficiency  ia  the  uneven¬ 
ness  of  the  air  filling  into  the  channels  SI  and  S 2.  In  the  second 
Cc.se  (channel  S2)  the  path  of  the  air  through  tube  D  and  also  through 
the  matte  may  cause  the  entrapment  of  some  of  the  particles  on  the  walls 
of  the  tube  2  and  il&sk. 

Determination  of  the  Solubility  of  the  Dispersive  Phase 
of  Aerosols  in  liquid  of  an  Organism 

The  question  of  the  solubility  of  the  dispersed  phase  of  the 
aerosol  in  the  liquid  of  the  organism  possesses  an  especially  inpox- 
ten  meaning  when  work  is  being  done  with  toxic  type  aerosols,  because 
the  degree  of  solubility  predominately  determines  the  degree  of  absorp¬ 
tion  of  the  substances  from  which  the  cerosol  is  composed. 

A  suggested  method  for  such  a  determination  follows}  a  determined 
weighed  portion  of  an  sero&ol,  selected  from  the  air  by  any  xe&ns,  is 
dried  to  its  constant  wei«£t  and  subjected  to  the  action  of  some  sol¬ 
ution;  a  physiological  solution  impregnated  with  carbon  dioxide  for 
the  lungs;  saliva,  intestinal  and  gastric  Juices  for  the  gastrointest¬ 
inal  tract;  blood  serum  etc.|,...7hlo  mixture  is  l*ft  for  a  certain 
i..w»rvul  at  3?  C»,  agitated  from  time  to  tine.  Then  the  mixture  is 
filtered  through  «a  ordinary  filter  cr  thr'v'gh  a  Guch  flit-.  r,  prsliuin- 
arily  weighted.  The  residue  on  th*  filter,  which  ir,  rir.ee  >  with  a -.ill 
portions  of  distilled  water  until  the  solution  is  washed  away,  is  dried 
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together  with  the  filter  to  the  constant  weight  and  weighted,  "he  dif¬ 
ference  batv/etn  the  regular  weight  of  the  filter,  the  wight  of  the  fil¬ 
ter  sftar  the  tfcnt  and  the  weighted  portion  taken  for  the  test  compose 
the  weight  of  the  dissolved  portion  of  the  original  weighted  portion. 

If  one  considers  that  the  solution  is  not  fully  washed  away  "by  the 
distilled  ater,  then  it  is  necessary  to  conduct  a  dry  teat  under  the 
same  conditions,  but  with-out  an  aerosol,  or  with  a  known  non-dissolving 
aerosol  (charcoal),  and  determine  the  corrective  needed  in  the  results 
of  the  analysis*  The  relation  bet ween  the  weight  of  the  aerosol  being 
tested  and  the  ceight-  of  the  solution  should  bo  varied  (1:100,  1:200, 
etc.)  so  &s  to  clarify  the  degree  of  solubility. 

The  one  possible  objection  to  this  method  is  whether  or  not  the 
rinsing  of  the  residue  or.  the  filter  with  distilled  water  increases  the 
quantity  of  substances  which  go  into  the  solution.  This  may  be  so,  but 
in  a  small  decree  only. 

The  weigh'*  of  ths  dissolved  substances  can  be  determined  in  another 
way:  determine  it  in  the  solution  by  weight,  volume  or  colorimetric 
means.  If  the  weight  method  is  used,  then  it  is  necessary  to  determine 
the  solid  residue  of  the  solution  by  a  dummy  test  and  then  enter  a  res¬ 
pective  corrective, 

Tor  ab.sie  data  on  the  solubility  of  aerosols  in  water  see  Table  13. 
D-ia  obtained  by  the  met:  od  of  determining  the  solid  residue  ir.  the  fil¬ 
ter.'  .  /.'•  ■ 

'.fe;  analysed  the  sciubility  of  tobi.cco  test  in  the  fluid  of  tn  c r- 
gadUa  by  dcterait&tjoh-  of  the  solid  tub  stances  not  entering  into  the 
solution  tad  found  that  solubility  reached  JO*  (average).  In  csllvs. 
it  was  2*v,  in  stomach  juice  33>,  in  the  intestinal  ,.uice 
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in  a  physiological  solution  impregnated  with  carbon  dioxide-  3^*5/** 

I.  S.  Shereshevskaya  analysed  the  solutility  of  free  silicon  di¬ 
oxide  (  finely  ground  quarts,  opan  and  sedimentary  silicon  dioxide)  in 
water  solutions  and  human  serums.  The  water  solutions  were  employed 
with  pH-$.C,  7.0  and  8.0;  solutions  with  pH-7.0  and  8.0  were  prepared 
from  boric  acid,  potassium  chloride  and  alkali;  in  the  plane  of  the 
agent  pH-n.O,  there  was  used  distilled  water,  which  gave  a  specified 
concentration  of  the  hydrogen  ions 

The  tests  were  conducted  through  various  intervals  from  the  start 
of  the  observations).  The  dissolved  free  silicon  dioxide  is  determined 
in  the  filter  by  colorimetric  means. 

The  author  came  to  the  following  conclusions,  based  on  the  data 
of  his  studies:  the  solubility  of  quart*,  is  increased  with  time  and 
with  the  increase  of  the  concentration  of  the  hydrogen  ions  of  the 
solution.  Near  the  end  of  the  first  month e  the  solubility  reach*  a 
certain  level,  which  it  holds  for  six  months  (  the  period  of  the 
author*  observations).  For  the  solution  vith  pK-7.0  and  S.O  the  sat¬ 
urated  solubility  of  quartz  is  equal  to  1  og  to  100  nl  of  solution. 

Ihe  solubility  of  opal  end  sedimentary  silicon  dioxide  proved  greater 
than  the  solubility  of  the  quarts.  In  solutions  of  serum  of  blood  of 
h.’.muns  the  solubility  of  the  quarts  and  opal,  was  higher  then  their 
solubility  in  solutions  with  a  concentration  of  hydrogen  ions,  specific 
for  such  a  5  true. 

Shereshevskaya  included  one  other  problem  in  her  studies.  As 
•leotroaicrosooric  studies  indie;  ted,  the  sill. on  acid,  forming  vith 
S102  solution,  can  exist  in  the  eolution  in  tow  conai stencils:  1) 
moleoulnrly  dispersed  (virtual  solubility)  and  2)  colloid  (sol  of 
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silicon,  acid}  (graph  15** ) *  Socixse  in  literature  there  eve  indications 
that  the  colloid  silicon  acid,  forming  from  water  stable  agreratea,  lo 
undetectable  v/ith  the  colorimetric  methods,  Shwrechvvckoya  expert monted 
with  this  problem;  she  was  interested  to  clarify  if  the  colloid  fraction 
of  the  silicon  r-Cid  e;:ir,t  in  the  filtratw.s  obtained  by  her, ever,  though 
it  is  not  detc«!tt.ble  by  cole  rlttc  trie  c.  terminationa,  therefore  sfco 
applied  methods  which  should  rave  lei  to  the  disruption  of  the  colloid 
silicon  ac i d(  he;  tin;;  with  c; -rbonu.tr-  •  r.d  caustic  alkalis,  and  also  v/ith 
hydrofluoric  acid}.  After  these  operations  it  was  not  possible  to  de¬ 
tect  a  gro.  ter  cuanvity  of  free  silicon  acid  than  was  possible  before 
the  operations,  for  did  the  application,  by  the  author,  of  physico¬ 
chemical  methods  allow  for  the  dectoctienof  colloid  silicon  acid, in  the 
filtrates,  alci nr  with  small  quantities  of  sediment: ry  silico".,  which, 
were  detected  in  the  virtual-solution  status,  thatir,  in  the  molecularly 
dispersed  fora. 


Determination  of  the  Absorbability  of  the  Dispersive  Phase 
of  Aerosols  in  an  Organism 

Aerosol  particles,  which  have  settled  in  the  upper  respiratory 
path,  lungs  and  gastrointestinal  tract,  upon  disolving,  are  subject 
to  ..r.  energetic  absorption.  However,  fins  dust  particles  can  penetrate 
between  the  epithelial  cells  of  the  mucous  membrane  of  the  upper  res¬ 
piratory  paths  ana  lungs  into  the  blood  and  lymphatic  vessels  without 
dissolving, 

Che  absorbability  of  the  dispersed  phase  of  aerosol  in  the  organ¬ 
ism  has  a  groi  t  hygienic  i  wrortwice,  especially  in  those  cases  vh«r* 
toxic  typo  usts  ire  involved,  but  still  lV*r  authors  hav«  occupied 
t;w  ‘ Iv; with  this  urcblea. 


- - . ..  - - V- :''"  w%'*iVr 

let  ’,13  examine  the  method  appl i •:> d  "by  I.  It.  Petrov  and  C-.  2. 

Dmitriev  for  the  clerificaticn  of  this  problem. 

They  conducted  their  experiments  on  rabbits;  colloid  paint-  trypen 
blue,  lead  salt  (acetic  acid  nr.d  nitric  acid  lead)  and  indigocarmino 
(indigotinsulfonate)  vrero  tested. 

For  the  study  of  the  absorption  from  the  trachea  and  nasopharynx 
area,  there  was  conducted  the  lover, t  possible  tracheotomy  and  the 
trachea  was  ligatured  somewhat  above  the  tracheal  apertures.  To  divert 
the  possibility  of  the  substances,  introduced  into  the  trachea,  from 
penetra  ting  into  the  stomach,  ligatures  were  made  on  the  eeOT.he.gus.  A 
solution  of  the  trypan  blue  was  introduced  into  the  opening  cf  the  tra¬ 
chea  with  the  aid  of  a  blunt  needle;  from  here  the  solution  thread  into 
the  nasopharynx  and  cavities  of  the  mouth  fad  nose. 

To  study  the  absorbability  from  the  trachea  alone  in  successive 
tests,  ligatures  were  pieced  on  the  upper  part  of  the  trachea  as  well 
as  on  the  lower  part  and  tracheotomy  was  performed;  the  study  was 
again  with  trypan  blue. 

For  the  study  of  the  absorption  from  the  lungs,  a  powder  of  try¬ 
pan  blue  or  lead  salt  was  blown  into  the  Irachef  through  a  trocar. 

Finally,  for  a  study  of  the  absorption  from  the  gastrointestinal 
tract,  trypan  blue  or  lead  salt  in  solution  fora  was  introduced  through 
a  probe  into  the  stomach  or  into  a  large  intestine  through  a  prelinin- 
arily  super! eposed  fistula. 

The  qutmity  of  trypan  blue  introduced  to  tho  anisic  fluctuated 
froa  13»3  to  100  ag;  end  the  quantity  of  lerd  sslt  from  2??  to  ^20  a g 
to  1  kg  weight  of  the  animal,  .he  larger  anounts  wure  primarily  used 
with  Introductions  into  the  gnatrointestlnnl  tracts. 


Determination  of  trypan  "blue  in  the  blood  was  mad3  with  a  color- 
meter  15  and  30  minutes  and  1,  2,  3,  6,  and  21*  hours  after  introduction. 
The  standard  solution  of  trypan  blue  was  prepared  i mediately  before 
each  test  on  plasma  of  blood  which  was  taken  from  the  same  animal  which 
was  to  be  tested.  The  determination  of  the  lead  salt  was  made  at  thoso 
sene  intervals  by  electrolytic  methods. 

Twenty-five  tests  were  conducted  in  ail.  Computing  the  results  of 
the  tests,  the  authors  come  to  the  conclusion  that  the  fastest  absorp¬ 
tion  cooes  from  the  lungs  and  the  slowest  from  the  gastrointestinal 
tract  with  the  absorption  from  the  upper  respiratory  path  occupying 
an  average  intensity. 

Method  of  Analyzing  Phagocytosis  of  Various  Types  of  Aerosols 

In  contrast  to  foreign  authors,  who  studied  phagocytosis  of 
aerosol  particles  in  vitro,  our  authors,  approaching  this  question 
more  correctly  and, studying  the  effect  of  mediums  on  phagocytosis, 
studied  the  problem  in  vivo. 

To  stud}'  the  phagocytosis  of  aerosol  particles  by  leukocytes 
of  the  blood,  2.  I.  Dobrolubov  applied  the  following  .method:  sus¬ 
pensions  of  various  dusts  (coal,  quartz  and  reu  lead  )  vr-'e  injected 
intravenously  to  rabbits;  the  computation  of  the  leulcccytss,  ph*gO- 
oyti  sing  the  ncrcscl  petioles,  was  done  on  smears  of  blood  which 
were  examined  under  a  microscope  ( inversion),  Cn  several  c scare  there 
were  counts  of  100  polynuclear  and  4  cisclosed  percentage  of  colls 
which  contained  an  Incorporation  of  dust. 

The  dust  suspensions  were  prepared  is  the  following  manner:  p  g. 

of  the  given  dust  were  mixed  with  50  ol  of  a  physiologic- 1  solution  rnd 
then  the  suspension  wss  poured  through  a  cotton  filter  several  times  or 
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until  no  dust  grains  with  &  size  exceed  ing  J-10  microns  were  left. 

The  suspensions  were  diluted  so  that  the  number  of  dust  p&rtielos  in 
a  unit  of  volume  of  fluid  was  identical;  two  drops  of  a  solution  of 
gume-raoic  were  added  to  the  suspensions  for  greater  stability. 

The  author  comes  to  the  following  conclusions  as  a  result  of  the 
data  of  his  experiments. 

Absorption  of  coal  particles  starts  after  10  to  15  minutes.  The 
number  of  cells  phagocytizing  dust  p&rticlec  after  30  minutes  reaches 
12-27$.  After  this  the  number  grows  and  readkes  a  maximum  of  20-24  to 
50-52$  (individual  fluctuations)  in  65  t0  90  minutes.  The  number  of 
dust  particles  absorbed  by  one  cell  is  2-3,  but  never  mors  than  5« 

The  absorption  of  the  cpiaats  particles  by  leukocytes  goes  very 
energetically;  after  only  an  hour  52$  of  the  leukocytes  contain  an 
incorporation  of  quartz  particles  in  the  protoplasm.  Rirther  on,  the 
number  of  phagocytized  forms  reaches  60$. 

The  absorption  of  the  particles  of  red  lead  was  less  energetic; 
the  number  of  piu gocytized  forms  reached  >7$  ia  all. 

Outing  lengthy  repeated  Intravenous  introductions  of  the  above  dust 
suspensions,  the  aerosol  particles  of  the  coal,  quartz  and  red  lead  were 
never  deposited  in  the  Eupffer  oolls  of  the  liver  and  were  always  encoun¬ 
tered  in  the  protoplasm  of  the  c&croph&ges  of  the  spleen  and  ’n  tho  hlst- 
ocytes  of  the  lungs;  the  phagocytosis  of  ths  coal  and  tuaits  waa  ex- 
pressed  equally,  while  the  phagocytosis  of  the  red  lead  was  weaker  in 
comparison  with  the  coal  and  quarts. 

On  the  basis  of  the  above,  the  authors  corns  to  ths  conclusion  that 
the  phtgoeytosls  of  ths  lead  is  subjected  to  action  of  the  leukocytes 
of  ths  blood  as  veil  as  the  tissue  phagocytes, 
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I.  Fetrov  stxidiod  the  phi  gocytoeis  relavtive  to  various  aerosols 
in  the  lungs,  The  tests  were  conducted  on  rabbits;  the  following  dusts 
we  re  studied}  coal,  c.uerts  ana  red  lord.  In  one  series  of  tests  the 
animals  were  given  dU3ty  air  to  breathe  (Bice  of  particles  no  larger 
than  5-2.0  microns)  for  1-3  hours  and  the  other  series-  suspensions  of 
dust  (except  ultramarine)  were  introduced  into  the  ear  vein  for.l^-H5 
days,  at  5  m1  per  day.  The  suspensions  of  dust  were  prepared  the  some 
way  as  for  the  Dobrolubova  tests  (see  above). 

After  these  tests  and  others  the  animals  were  killed;  before  the 
opening  of  the  bretet  cells  their  trachea  was  ligatured;  the  fixation 
of  the  lungs  and  other  organs  was  in  fomaline.  The  mediums  were  deve¬ 
loped  in  the  usual  manner.  lo?  the  evaluation  and  comparison  of  the 
phagocytosis,  relative  to  various  dusts,  there  were  conducted  compu¬ 
tations  of  the  lung*  phagocytes  with  an  incorporation  of  dust  ptrticles, 
determinations  of  the  else  of  the  phagocytes  and  the  sizes  of  the  dust 
particles  incorporated  in  the  protoplasm  of  the  cells. 

The  above  tests  indicated  that  during  inhalation  of  various  dusts, 
the  coal  particles  were  phagocytized  cost  and  the  quartz,  ultramarine 
and  red  le-d  to  a  lesser  degree.  This  was  also  observed  after  intra¬ 
venous  injections  (  the  ultramarine  was  not  introduced  intravenously). 

She  most  expressed  hypertrophic  of  the  lung  phagocytes  was  observed 
after  inhalation  or  intravenous  introductions  of  coal  dust;  the  other 
dusts,  introduced  by  either  method,  wre  esprwrew.  leas. 

After  inhaling  the  duot  of  id  ler.d  and  quarto,  pk; gocytisatior. 
was  of  particles  of  1  micron  or  stklller;  during  inh-lation  of  the 
co.l.  and  ultrar.rorine  dusts,  the  fire-test  percent,  ge  of  the  phagocyt- 
iced  particles  were  1  micron  and  larger. 


Method  of  Analysing  Aerosols  Produced  by  Hunan  a  (Through 
Speaking,  Coughing  and  Other  Physiological  Acta 
it  is  known  that  a  person,  during  conversation,  coughing  or  sneez¬ 
ing,  expells  from  the  mouth,  and  to  a  lesser  degree  from  the  nose,  var¬ 
ious  quantities  of  minute  fluid  dropletB  capable  of  traveling  great 
distances  from  the  point  of  expulsion,  which  stip*il&tes  one  of  the 
types  of  uerogenic  infections  (droplet  infection).  Shis  fact  was  first 
established  by  a  Russian  scientist,  P»  IT.  Lashcherdcov. 

She  importance  of  these  agents  as  infectious  material  depends, 
on  one  side,  on  the  degree  of  their  stability  and  ability  to  disperse 
and,  on  the  other  hand,  on  the  degree  of  infection  of  particles  of  the 
di spersed  phase  by  pathogenic  nicroorgani sms.  These  two  ideas  must  be 
kept  in  mind  during  the  study  of  the  aeroslol  expelled  by  humans  during 
physical  acts  if  we  wish  to  clarify  the  question  of  their  capabilities 
as  agents  of  infections. 

The  degree  of  dispersion  of  the  expelled  droplet  particles,  their 
particle  concentration  and  dogree  of  stability  depend  on  the  character 
of  the  physiological  act  end  the  nature  of  the  expelled  particles.  The 
strong  expulsion  with  the  act  of  sneezing  causes  a  greater  particle 
concentration  than  during  coughing  and  coughing  is  less  than  speaking. 

A  viscous  mucous  secretion  gives  lesser  dispersive  particles  than 
saliva  under  identical  conditions. 

She  degree  of  dispersion  of  the  particles  over  a  smaller  or  larger 
area  depends  on  the  kinetic  energy  transmitted  to  the  droplets  at  the 
moment  of  their  expulsion,  on  the  sice  of  the  droplets  and  speed  and 
character  of  the  air  waves  (currents).  Relatively  large  particles,  those 
with  a  1.0  am  diameter,  expelled  at  46  ca/see,  can  travel  up  to  11  a 
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from  their  point  of  expulsion  in  quiet  air.  u'he  spending  of  the  kinetic 
energy  in  surmounting  the  resistance  of  the  air  causes  a  loss  in  the 
speed,  of  the  droplets  and  they  fall  when  subjected  to  the  forces  of 
gravity,  aim  droplets  (0.1  cm  or  less  in  diameter)  in  their  movement 
conform  to  the  bt sic  air  currents  and  can  be  transferred  for  {jest 
distances.  Droplet's  of  a  diameter  of  C.07  mm  remain  in  a  suspended 
status  and  follow  the  air  movements  during  a  current  of  7*5  m/min  and 
more,  and  droplets  of  0.01  am  diameter  are  able  to  remain  in  a  suspend¬ 
ed  status  with  air  movements  of  0.2  m/ain.  Dhe  finer  droplets  remain 
in  a  suspended  status  in  the  presence  of  very  light  air  currents. 

Jennison,  utilizing  the  I’indcl  phenomenon,  photographed  aerosols 
expelled  by  humans  from  the  mouth  and  nasal  areas  during  sneezing, 
coughing  and  speaking.  See  graph  155* 

bhile  studying  the  photos,  having  taken  a  complete  series  of  then, 
Jenni8on  was  able  to  determine  the  size  of  the  droplets  of  the  aerosol, 
distance  of  their  dispersion,  length  o?  their  location  in  the  air,  speed 
of  evaporation  and  sedimentation.  Analogical,  studies  were  conducted  by 
Vciraukh  and  iizimkovski. 

To  study  the  bacterial  sowing  of  the  expelled  aerosols,  there  is 
applied  a  method  called  'Cough  disk*.  It  consists  of  this:  10-20  ca 
from  the  subject  used  in  the  teat  there  is  placed  a  Petri  vessel  with 
an  elective  medium  and  the  subject  coughs  into  the  direction  of  thw 
surface  of  the  medium.  The  covered  vessel  is  placed  into  a  thermostat. 

having  detected  the  origin  of  the  infection  of  th*  air,  it  is 
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possible,  <h.king  u  *«s=ei^*  a*  of  the  aerosol  ot  v.-rious  dis¬ 

tances  froa  the  origin,  to  determine  the  de.rce  cf  dissemination  of 


k2 


the  infection  muterisl.  Ail  the  above  described  methods  can  be  used 
for  the  selection  of  samples  except  the  spontaneous  sedimentation  method, 
She  later  method  can  be  used  only  with  the  following  condi/tionas 
1)  the  vessel  is  filled  with  wa  elective  medium,  2)  the  vessel  is  left 
open  no  leea  than  on  hour,  3)  the  air  is  sprayed  before  tho  removal  of 
the  vessel  covers,  There  is  much  foreign  and  original  literature  on 
this  subject. 


Method  of  Conducting  a  biological  Usperiment  in  the 
?leld  of  Aerosols 

The  most  freexxent  biological  c;?>eriments  on  the  effect  of  aerosols 
on  the  organism  of  an  animal  are  aimed  at  the  clarification  of  the  ef¬ 
fect  the  entrance  of  the  dispersed  phases  of  the  aerosls  into  the  lungs 
and  respiratory  path;  a  less  important  question  is  about  the  action  of 
the  dispersed  phases  on  the  external  covering  (skin,  mucous  membrane, 
fur,  etc,). 

The  tests  are  ordinarily  of  a  chronic  character, but  acute  tests 
are  also  possible  with  toxic  dusts. 

Because  the  animals  used  as  laboratory  subjects  (rabbits, oats, 
rats  and  others)  must  be  heilthy  before  the  teats,  they  Are  checked 
for  weight,  temperature  and  general  condition, 

because  the  introduction  of* the  aerosol  particle#  through  the 
nasal  apertures  into  the  respiratory  path  of  tho  animale  being  tested 
is  socfttiMs  difficult,  especially  with  rabbits,  the  animals  are  sani¬ 
tises  preliminarily  subjected  to  traeheotosmy  -usd  the  introduction  of 
a  tracheotocic  tube. 


.hiring  tho  experiment  there  arc  studio*  the  changes  in  the  behav¬ 
ior  ..nd  so  iitioa  of  the  -nitul,  laboratory  analysis  of  the  blood  rad 
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excrement,  i. nd  when  convenient,  the  animal  is  killed  and  there  -re 
pe.thologicof4U-tOf.iCid  and  pa.tholO(icohiotological  studies  of  the 
variations  in  the  organism.  If  the  teats  txe  of  a  bicteriRl  aer osol, 
then  bacteriological  analysis  is  made* 

Sxperisaents  on  the  effect  of  f.srofcols  entering  the  lungs  oro 
done  in  several  ways;  a)  dust  ckcstbe<rs  in  which  the  anisuls  tie  held, 
b)  dust  masks  which  are  placed  over  the  face  of  the  animils  end  c)  in¬ 
tratracheal  Introductions  of  n  suspension  of  dust  particles.  These 
methods  are  written  up  below. 


Application  of  the  Dust  Chancer  I'ethod 

The  chambers  ore  snail  with  a  usual  capacity  of  1  a3.  The  walls 
are  covered  with  glass  for  easier  cleaning.  The  devices  used  to  create 
the  dust  in  the  chambers  are  located  either  inside  or  outside  the  cham¬ 
ber  itself.  In  the  latter  case,  the  flow  of  dur*y  tir  is  conducted 
through  tubes  into  the  chamber.  During  testing  tho  determination  of 
the  weight  and  particle  concentration  of  the  dispersive  phase, ^  the 
sise  of  the  aerosol  particles,  etc,,  is  done  by  collecting  *. 

The  animals  are  su'^eCtod  to  the  chamber  for  long  or  short  periods  of 
time,  and  once  or  many  times  depending  on  the  problem. 

The  most  difficult  problem  in  creating  dust  in  the  chamber  Is 
obtaining  on  even  tna  constant  concentration  of  the  aerosol  and  limit  * 
ing  it  to  various  levels,  :*>  trill  look  at  the  root  inrcritr.t  suggested 
aao'-x-rs  to  this  question. 

In  the  physical  labors  tor?  of  the  .iscow  Xnstttu.c  health  tho 
chamber  was  btilt  on  tfe#  principle  of  iycucleai  b«  lance  {equilibrium), 
with  the  sid  of  broken  thirl  vied*.  The  cosher  is  e  wooden  cube  with 
a  cap.city  of  1  njt  it  ha*  three  glass  vali*;  the  top  end  floor  h;v# 
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built-in  ventilators,  run  by  not.,.  .  "d  producing  5  liters/second.  She 
froo  will  is  removable,  with  rubber  stripping.  There  tre  numbered  aper¬ 
tures  for  tubes  which  control  the  concentration  of  the  dust. 

The  vinys  of  the  ventilators  r.re  2 5  cm  long  end  set  at  &  h5  dgree 

o 

angle;  cr.d  the  two  fans  operate  oppooite  each  other. 

The  work  of  the  chamber  was  first  tested  with  confetti  which  was 
placed  on  the  floor  of  the  ciuuaber.  These  tests  showed  thr  dirr;tion 
and  flow  of  the  air  currents  in  the  chamber.  The  corners  of  the  ebanv- 
ber  were  rounded-in  to  afford  turning  aids  for  the  whirlwinds. 

In  using  dust  in  the  chamber,  the  dust  is  first  placed  on  the  floor 
and  then  the  ventilators  are  ello\,*ed  to  circulate  the  dust  3ufx'iciently 
to  create  a  concentration  of  the  heavier  particles  on  the  floor.  The 
average  concentration,  according  to  the  authors,  is  kZ,  and  is  hoavlar 
toward  the  edges  of  the  chamber.  The  percent,  ge  of  concentration  of 
dust  on  the  floor  can  be  regulated  by  the  speed  of  the  air  currents 
through  the  speed  of  the  fans. 

Leningrad  Institute  of  Hygiene  of  Professional  21  seases.  Prokofav 
constructed  two  types  of  apparatuses  for  the  creation  cf  dust  in  ehrn- 
bers.  Here  we  will  describe  the  acre  absolute  second  type. 

The  apparatus  consists  oft  1)  an  adaptor  for  the  intake  end  re¬ 
gulation  of  the  inflow  of  dust,  2)  an  adaptor  for  the  even  agiUtion 
of  the  dust,  ar.d  3)  ca  adapter  for  the  trapping,  airing  with  tlr  and 
suspension  of  the  dust  la  the  Jvcbsr.  (wrap h  1J5  and  157). 

The  Intake  and  regulator  consists  of  a  reelevinr  bunks?  (11)  end 
a  bucket  chain  conveyer.  .he  bur.ker  is  for  the  intike  of  the  powd¬ 
ered  eatrritl.  Its  capacity  is  *>5?  si.  It  cat  a  pear-shaped  fora.  The 
bucket-chain  conveyer  has  thr.  follow! ?.*  construction:  on  the  stsel 
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shifts  rotating  on  bearing  set  in.  the  body  of  the  frame  are  secured 
two  six-pointed  gears,  or.c  below  end  one  above  (S  and  3  on  1%) .  She 
frame  of  the  device  is  secured  to  e.  siao  which  in  turr  is  secured  to 
t  table  or  floor,  Two  chains  cove  along  the  ge-  re  and  on  each  chain 
in  a  bucket  which  is  removable  (7).  "he  conveyer  is  covered  with  the 
top  cover  of  glass  to  allow*  observation  of  it's  porforsss ace. 

The  device  for  the  ever,  dispersion  ar.d  rising  of  the  dust  is  as 
follows:  the  dust  from  the  buckets  spills  onto  an  inclined  platform 
(13)  which  is  activated  by  the  knobs  (id)  embedded  in  a  disk  (lp). 

This  shaking  insures  an  even  spilling  of  the-  dust  into  the  funnel 
which  leads  into  the  dust-..ir  mixing  chamber, 

line  walls  of  the  funnel  ar  movable  (32)  which  allows  for  the 
c. ntrol  of  the  flow  of  the  duet,  Che  duct  falls  into  the  small 
bunker  (12)  from  the  funnel  if  it  is  not  used.  The  dust  Cc-n  be  re¬ 
moved  from  here  for  repeated  use. 

The  device  for  lifting  up  the  dust,  mixing  it  with  air  end  de¬ 
li'  uring  it  into  the  chamber  is  as  follows:  She  dust  from  the  inlet 
funnel  is  carried  into  the  suction  chamber  of  the  gas-jet  ejector  (3) 
from  where  it.  is  carried  by  a  strong  fast  air  stream  from  the  r.oszle 
of  the  jet  of  the  ejector  (4)  and  then  goes  into  the  diffuser  (1)  and 
into  chamber.  To  r. ©cerate  the  heavier  fractions  of  dust  from  the 
Air,  it  cm*  be  dir,  otwd  through  a  settling  t&JJc,  depending  on  the 
0-  w o**cv n t,*i‘ t « on ,  ta©  air  can  to  mixeu:  rusty  air  witn  fal¬ 
tered  air  coming  from  th**  jet  r.os:l«.,  ;ilustrnt.o..s  Ijf  and  ip?  au\ 
of  a  tv  t..« .rn  ©a  ^oos  : 

Thu  regulation  of  the  cor.ce-n tr;.ti„r:  of  the  uurt  car.  be  done  with 


th©  n*u:. ;  of  buckets  us-n.,  tr©  size  of  the  inlet  funnel, 
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of  filtered  air  en d  with  the  settling  tank,  The  settling  tank  is  not 
shown  on  the  illustrations, 

regulation  of  the  size  of  the  dust  particles  entering  the  chamber 
is  controlled  by  the  line  speed  of  the  stream  of  dusty  air  entering 
the  settling  tink  and  chamber. 

The  constancy  of  the  concentration  and  size  of  the  dust  particles 
in  the  chamber  itself  is  attained  with  the  location  of  the  inlets  and 
cutlets  and  also  with  the  aid  of  a  fen  located  in  the  chamber.  Also, 
correct  feeding  of  the  device  is  incoitant;  a)  the  buckets  must  he  fil¬ 
led  evenly,  and  b)  the  dust  must  be  shaken  off  the  shaker  platform  (29) 
before  the  neat  bucket  of  dust  is  dumped  on  it, 

A  beater  which  struck  the  side  of  the  initial  bunker  from  time 
to  time  was  added  during  the  testing  of  tobacco  dust  to  overt  clogging, 
2iev  Institute  of  Hygiene  of  Professional  diseases  used  the  G.X. 
Shakhbasyau  and  2.  I,  Spen  device  (159)  for  the  study  of  dusts. 

The  device  on  illustration  1^9  is  as  follows:  the  hopper  (S(  has 
a  cylindrical  form  with  cone  shaped  ends;  capacity  of  it  is  450  liters. 
Pour  sleeves  (boxes)(I2)  lead  to  the  outside  of  the  chamber.  The  ani¬ 
mal  is  placed  in  a  wooden  box  (1J)  which  is  set  into  the  sleeve.  The 
boxes  are  so  constructed  tant  only  the  head  of  the  animal  remains  out¬ 
side,  Pour  windows(9)  in  tfcf  chamber  allow  for  observation  of  the  be¬ 
havior  of  the  animal  during  testing,  Pour  outlets  (valves) (14)  arc 
used  ts  nr- solo  the  oir. 

'no  air  is  forced  by  a  fan  (1)  into  two  lire  (:’)(3),  one  bo inf 
the  ..sin  lino  and  the  other  w»  accessory.  The  volume  wf  air  ia  contra.- 
Xt-  '-y  the  two  gas  meter*  (2-3)*  which  also  help  control  the  speed, 
soters  of  air  a  minute  and  evenness,  Pros  the  gas  meters  the  Air  goes 
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tc  the  dust  feeder  (b)  where  the  air  is  mixed  v/ith  the  dusty  air.  Then 
the  air  goes  into  a  settling  chamber  (not  shown )  and  then  into  the  main 
line,  This  is  where,  in  case  of  necessity, clean  air  from  meter  3  can 
be  mixed  to  the  dusty  air  to  control  concentration,  The  main  line  di¬ 
vides  into  four  lines  before  entering  the  chamber  (7)» 

The  even  concentration  of  the  dust  indide  the  chamber  is  done  with 
an  electric  fan  situated  in  the  bottom  of  the  chamber  (not  visible  on 
graph) .  The  air  le.-ves  the  chamber  through  tube  10. 

The  dust  feeder  is  shown  on  illustration  IfO.  The  dust  is  loaded 
rnto  the  cone  shaped  opening  to  the  product  ed  hopper  (10)  with  a  cap¬ 
acity  of  55  r-l  which  is  prepared  of  plexiglass  and  aids  in  the  control 

of  the  incoming  substances.  The  dust  then  ff 11 s  onto  the  auger (1),  the 
speed  of  which  cfci  be  regulated. 

The  rotations  of  the  auger  carry  the  dust  along  a  horizontal  cyl¬ 
inder  (2)  into  the  injector.  The  injector  has  an  incoming  nozzle (6), 
a  chamber  (5)  and  an  outgoing  nozzle  (7),  The  air  coming  through  the 
(6)  nozzle  carries  the  dust  particles  through  the  (7)  nozzle  out  into 
the  main  line  which  leads  into  the  chamber « 

The  rate  of  the  dust  feeder  Is  controlled  by  variation  of  the  num¬ 
ber  of  rotations  per  aunute  of  the  auger.  The  auger  is  driven  by  un 

asynchronous  three-piuse  motor  ((‘(graph  1 55)  through  a  rcductor  (5( 
graph  153)  tad  a  ruche t  gear  with  variable  speeds,  all  of  which  aid 
to  control  the  speed  of  the  auger. 


Application  of  the  Put t  hack  Method 
•■vCvnt.y  *» i  V,  Phu^ca  rir.n  described  the  following  ~a*hod  of  indiv¬ 


idual  introductions  of  d  .st  to  .Ainimalc 


The  face  c  *  the  ,.niU'.l  is  nut 


into  a  glass  njf.sk  through  which  is  suctioned  dusty  air  (graph  161), 

The  animal  being  tested  usually  rabbit)  is  placed  into  a  box  with  only 
its  herd  outside.  The  cask  (3)  has  two  tubes;  one  is  for  the  dusty 
air  entering  the  mask  fron  the  dust  feeder  (2)  and  the  other  leads  fron 
the  mask  into  an  adapter  with  cotton  filters  and  from  there  through t 
the  rheometer  (5)  and  suction  device  (6).  The  rheometer  (5)  measures 
the  volume  of  air  going  through  the  mask.  The  other  rheometer(l)  is 
used  only  for  a  short  time  as  a  check  of  the  fit  of  the  mack  (if  valve 
(b)  on  the  line  leading  to  the  dust  feeder  is  closed  and  air  is  suc¬ 
tioned  through  the  whole  system  with  valve  (a)  open,  then  both  rheo¬ 
meters  should  read  almost  identical). 

The  control  of  the  concentration  of  the  dust  is  done  v/ith  valves 
(a)  and  (b).  These  regulate  the  fre«  (filtered)  air  and  the  dusty  air 
flows. 

To  determine  the  concentration  of  the  dust  in  the  system  the 

following  procedure  is  followed;  the  dust  feeder  is  weighted  before 

end  after  the  test,  the  decrease  in  weight  is  the  amount  of  dust  which 

has  passed  through  the  system.  This  quantity  is  divided  by  the  volume 

of  sir  which  also  has  passed  through  this  system  at  the  same  time  to 

arrive  at  the  concentration  v/hich  is  expressed  mg/n*.  Conducting  such 

readings  regularly  helps  to  determine  the  constancy  of  the  concentre- 

IF' 

tion.  This  method  isA*  ifhly  recoasesdrd  for  all  types  of  dusts,  es¬ 
pecially  not  for  toxic  types. 

The  Intratracheal  Introductions  of  Suspensions  cf 
Dust  Particles 

This  method  was  applied  by  iU  0.  Jyjaov,  2,  h'.  v*oroder.ski  and 
many  others. 


V"  this  method  &  blunt  needle  is  inserted  into  the  trachea  through 
the  mouth  and  throat,  The  completion  of  the  method  is  as  follows:  the 
subjected  to  &  light  ether  narcosis  and  is  placed  on  its  spine  with  its 
mouth  vide  open  and  tongue  drawn  out  to  the  extreme.  The  blunt  needle 
is  secured  to  a  syringe  filled  with  a  physiological  solution(  l:.u)  and 
the  needle  is  then  inserted  down  the  center  of  the  mouth, past  obstruc¬ 
tions  until  it  enters  the  trachea.  If  the  needle  is  in  position  in 
the  trachea,  a  pull  on  the  plunger  will  draw  air  into  the  syringe;  u 
false  position  will  give  a  negative  pressure  when  the  plunger  is  pulled, 
’•.hen  the  correct  position  is  ascertained,  the  syringe  with  the  physio¬ 
logical  solution  is  exchanged  for  one  containing  an  exacting  quantity 
of  the  suspension  being  tested,  and  the  suspension  is  energetically 
forced  into  the  trachea. 

The  described  method  is  bloodless  and  sterile;  with  some  practice 
this  should  take  only  one  minute.  Usually  the  animal  awakens  from  the 
narcosis  immediately  after  the  operation,  ’.'kite  rats  accept  1  nil  of 
fluid  easily;  after  several  deep  inhalations  they  breath  normally. 


"eons  of  Obtaining  Artificial  Smoke 
There  are  various  methods  of  artificially  obtaining  snnke  for 
study,  a)  The  lighting  of  a  subrtar.ee  {cod,  tobacco,  magnesium,  etc.) 
which  causes  smoke,  b)  Sublimation  uf  or.  eusily  volatile  hard  sub¬ 
stance,  the  fumes  of  which,  mixing  with  the  cool  air,  concentrate  and 
form  smoke,  on  with  sublimation  of  tiw.or.iua  chloride  (dv- !■«  (yj&Ci 
ary  form  i.’Kp  SCI  at  first,  but  recombines  almost  fully  to  ."Had), 
c)  IVssing  of  air  through  r.  h-^ted  solid  or  fluid  body  which  is  dir- 
tir.  uithed  with  a  little  volatility;  during  thir  tre  air  ir  saturated 
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with  fune s  of  the  heated  substance,  and  with  the  cooling  of  the  air, 
part  of  th?  fumes  cone  ont  ;s  aerosols.  Highly  dispersive  eoroeols 
of  anthracene  can  he  obtained  this  way,  also  aerosols  of  diphenylanine, 
orthophthalic  acid,  stearic  acid,  paraffine  and  others#  Also  in  this 
catogoryt  Chenicel  inter  ction  between  substances, a  result  of  which 
produces  an  aerosol;  as  interaction  between  ratification  of  the  air 
with  anssonia  end  hydrogen-chloride;  action  of  atmospheric  air  on  fumes 
of  zinc-ethyl,  which  have  been  mixed  with  some  inert  gas  (nitrogen), 
and  others,  d)  The  original  method  of  obtaining  aerosols  with  a  big 
concentration  was  developed  by  IT.  Z.  Smirnov,  by  this  method,  two 
substances  with  a  great  differncce  in  their  boiling  points,  as  &ly- 
crine  (boiling  point-plus  2®0  C.)  and  liquid  air  (minus  19^#^  C.) 
are  used.  The  high  boiling  sustance  (here  glycerine)  playing  the  role 
of  the  vapor-genrri  tor,  should  be  heated  somewhat  and  then  the  low- 
boiling  substance  (here  liquid  air)  should  be  poured  on  its  surface. 

The  liquid  air,  having  come  in  contact  with  a  super  hot  surface  of 
the  glycerine  instentaneou.ly  breaks  into  a  great  number  of  fine  droo¬ 
lers  —  spheroids,  sianilarly  to  the  formation  of  spheroid?  when  w:  ter 
contacts  the  surf.ee  of  heated  metal.  Under  the  pressure  of  the  liqui¬ 
fied  air,  under  each  droplet,  there  are  formed  depressions  on  the  sur¬ 
face  of  the  glycerine.  From  the  cavities  there  iure  expelled  streams 
of  vapor  like  glycerine  which  blonds  into  a  general  flow  while  mix¬ 
ing  with  the  air.  ’..1th  the  aneve  swthod  the  author  obtained  v.tpora  of 
oleic  acid,  salol,  sa-.chine  and  transformer  oils,  e)  recently  Sinkler 
and  Laser  published  a  act  hod  of  obtaining  aerosols  with  a  hi  h  dc.re* 
of  isc«iitnarsion.  '.1  will  tp  ly  the  method  to  substances  with  a  bail¬ 
ing  temperature  of  CO  decrees  C.  (oleic  #as  stearic  acid,  triphenyl 
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end  tricresylphoaphate,  colophony,  menthol  end  others).  The  substance 
is  heated  in  a  two-liter  flask  to  100-200  degrees  C.  uid  then  filtered 
air  is  passed  through  it  at  the  rate  of  1-^i  liters/ninute.  Air  con¬ 
taining  artificially  created  nuclei  of  condensation,  resulting  from  a 
spark  discharge  or  heating  of  sodium  chloride,  is  siml  tenuously  dir¬ 
ected  into  the  flask.  The  mixture  of  air  ,  vapors  of  the  heated  sub¬ 
stance  and  nuclei  of  condensation  ace  put  into  a  superheater  which  has 
been  prehe:  ted  to  3^0  C. ,  where  evaporation  of  sprays  of  the  liquid 
takes  place  and  then  a  final  mixing  after  which  the  mixture  is  put  in 
a  vertical  tube  which  is  50  cm  long  and  with  double  walls,  Fere,  owing 
to  the  slowness  of  the  coding,  condensatic  .  of  the  vapors  ta  kes  place 
only  cu  the  nuclei*.  The  aerosol  coming  from  the  tube  is  mixed  with  air 
to  decrease  the  effect  of  coagulation.  The  degree  of  dispersion  of  the 
particles  of  the  obtained  aeroscl  is  uniform;  the  sises  cf  the  particles 
vary  no  more  than  10,3  from  the  average  size.  Varying  the  temperature 
of  evaporation,  speed  of  air  passage  end  number  of  nuclei  of  condensa¬ 
tion,  it  is  possible  to  vary  the  dispersion  of  the  aerosols  to  a  great 
extent,  f)  Cil  vapors  ci-r.  be  obtained  by  heatinf  on  oil  in  3.  stove 
with  a  later  rsrefication  of  the  oil  vapors  with  streams  of  cold  air 
which  causes  a  supers,  turatior.  ana  the  formation  of  aerosol,  I,  S, 
Arsenov  constructed  c.  special  apparatus  for  this  process  (graph  1&>). 

The  metal  electric  stove  (1)  is  connected  with  u  T-box  (2)  with  the 
aid  of  *u;  asbestos  stopper.  The  brand!  box  (T-oox)  is  equipped,  with 
a  r*Ul  tube  be  cm  long  and  3  cm  in  diameter  and  is  partitioned  from 
the  stove  by  a  shield  (j$),  tiring  testa  the  tube  is  cooled  by  a  a  crocs 
of  cc . «  *no  he.  ting  unit  Is  ^pguippod  with  tiu'i>c  acts,.  .Uves  uu , 

( >/  '•  • ..  therm^ne . vj*  . ,  with  rouwinga  to  ^v1.  w  ts  bu,lt— 

ir.-se  tube  {*.).  Dr. to  tube  (5)  there  la  placed  a  glt.es  tube  with  the 


the  rubber  stopper  ($)  holding  a  nicroburet,  The  glass  tube  is  held 
in  position  by  asbestos  and  liquid  glass  (S),  Cil  with  an  accurate 
measurement  to  0.01  ml  is  directed  into  the  unit  through  the  micro- 
buret.  The  oil  falls  on  the  dick  (11), heated  to  230  degrees  C.  Air 
heated  to  2}0  degree  and  filtered  is  fed  into  tho  unit  through  tube 
(0  at  the  speed  of  0.2  1/min.  Here  the  air  is  mixed  with  the  vapors 
of  the  oil  end  the  mixture  then  enters  the  i- junction  and  in  a  long  tube 
is  rarefied  by  streams  of  cold  -ir  which  causes  the  formation  of  an 
aerosol.  g)  Vapors  of  metal  car.  be  obtained  with  a  voltaic  arc  or  an 
electric  stovo(grtph  1635*  S.-okes,  consisting  of  oxides,  are  fora 
froa  the  ozidetion  of  the  metals,  ihccepticnc  are  platinum,  gold  end 
silver,  fixing  the  forming  vapors  with  air  causes  a  cuiek  condensation. 
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of  a  10;i  solution  of  nitric  acid  with  potassiun  chlorate,  by  which  wo 
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is  &  violet  dye, 

2. "he  perticlen  of  linen  oust  c*a  give  &  gr^n  color  Aft.-r  a  long  tiese; 
th«  particles  of  linen,  aft-  r  the  action  of  KSIT,  that  is,  after  blsncbing, 
they  do  not  dy*  uf  Ur  lulfurit  acid  aniline. 
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>  1  Particles  "o'?  paper  duet  car.  "be  dyod  with  sulfuric  acid  aniline,  if 
there  i*  woody  cellulose  in  the  paper.... 
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.Table  17. 

Sprectrua  of  dispersion  of  Aerosol  Particles  of  Ca.ba.cco  and  Foundry 
dust.  Inhaled  by  2-ian  dicing  Light  Vork, 

’  percentage  of  ei.  trap sent  of  aerosol  parti  cl  csTVy 
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1 

j 

1  ; 

1-2  ! 

2“3 _ 

i._  3fc5 _ s_ 

5-x 

T&becco  dust  j 

>*  ; 

i 

^5.3" 

lL.p  k.2 

I  Jus  !  ! 

o.s 

Foundry  dust 

3*.  9  ; 

i 

59.  s 

I 

1  K.s 

| 

! 

s 

;  o-3  I 

*  $ 

>  i 

0.2 

Table  16. 


Solubility  of  Several  Types  of  Aerosols. 
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'b,  Translation  of  graphs  and  illustrations  proceeding. 

Graph  144,  Sh&fir  apparatus  for  the  microbiological  analysis  of  the 
air. 

1-  electric  motor,  2-shock  absorbers,  3~®ebal  bucket,  4-  glass  cyl¬ 
inder,  fj-reraovable  motal  housing,  6-  metal  air-supply  tube,  7“  uut, 

S-  thrust  collar,  9“  gasket  ring,  IQ-  supporting  ring  of  housing, 

11  screws,  which  tighten  gt.ge  to  micromanometer,  12-  adjusting  bolts, 

13-  level,  14-  circular  fora  used  for  computing  bacteria,  it  has  squares, 
15-  microaanoneter,  16-  t'ide  valves  for  regulation  of  incoming  air. 


Graph  145.  Krotova  appartus. 

1-  body  of  apparatus,  2-  base,  3~  electric  motor,  4-  ventilator, 

5-  impeller,  Cy-  disk,  7“  springs,  S-  Petri  vessel,  $-  cover  of  appar¬ 
atus,  10-  cast  on  locks,  11-  disk  of  plexiglass,  12-  cuni'form  apertures, 
13-  threaded  ring,  14-  sleeve  with  diaphragm,  15-  lead  off  tube. 


Graph  l4£.  Device  for  the  determination  of  the  microbe  flora,  in  the 
air  according  to  1'dlyavski. 

a-  Zeittsa  apparatus,  b-  Bunsen  flask,  c-  rheometer,  1-  to  aspirator. 


C-raph  147.  Byakono\a  apparatus,  a-and  b-cotton  filters  in  ends  of 
tubes,  c-  control  cotton  filter. 

Graph  l4g.  Shtrause  Apparatus.  A-  cylinder,  b-  lead  off  tube,  o- 
ground  pipet. 

Graph  l49«  Itechaenski  aerocentrifuge.  a-  disk,  b-  fan( without  blades, 
c-glass  tube,  d-  rheostat. 

Graph  150,  Authors  device  for  the  determination  of  the  weight 

quantity  of  the  dispersive  phase  of  an  aerosol  inhaled 
by  man. 

Ar-  Glass  tube  for  filter,  B»  draa( chamber),  C-  hasal  adaptors. 

Graph  151*  Device  explained  in  graph  I50  in  use. 

Graph  152,  Scheme  of  the  Vigdorchik  and  Potrova  musk  for  the 
selection  of  samples  of  inhaled  end  exhaled  air. 

H-and  SSL—  valves,  lir  and  Id-  mica  dis:;s,  &.  tub#, connecting  mask  with 

Owens-1  apparatus,  n-  cnd.nl-  aperaturec,  2-  handle  for  moving  of  disk. 


0 


k 


1..  (con't)  Trans. graphs  and  illustrations. 

Graph  153.  E.  3,  Vigdorchik  device  for  the  determination  of  the 
number  of  smoke  particles  entrapped  in  the  repiratory 
path  and  lungs  upon  breathing. 

K-  mask, ,U1,  SI, and  01-  nicroecopes,  drain  and  illumination  for  the 
computation  of  the  uitramicrons  of  inhaled  air,,,  U2,  S2}  02-  as  above, 
but  for  exhaled  air,  EL-  and  H2-  valves  for  the  selection  of  sairples 
from  the  chamber  into  the  conputor,  B-  rheometer,  D-  connecting  tube, 

T-  transformer,  £-  rheostat,  t-  teraoaeter,  G-  galvanometer. 

•  -  •  ' 

\  '  ■  v  ' ' 

Graph  154.  Electronograas  of  sol  Si02. 

1-  visible  colloid  particles  Si 02.  2-  visible  -film 'with  cracks  on 

it,  formed  during  drying  of 
virtual-solution  Si02. 

Graph  155-  Photograph  of  aerosol,  expelled  by  a  human  while  sneezing. 

Graph  156.  Lengthwise  cut  of  apparatus  used  to  creet  dust  in  a  chamber. 

(  laboratory  of  aerosols  Lengorzdrcvotdela  Instute  of  hygiene 
(  and  prof-diseases) 

G^aph  I57.  Cross-cut  of  apparatus  for  the  creation  of  dust  in  a  '  ^ 

chamber. (as  graph  156} 

Graph  I58.  Scheme  of  creating  dnst  in  a  chaaber(  see  15S  and  157) 

1-  chamber,  2-  and  3"  rheometer,  4-  and  5“  sedimentation  tanks,  6- 
manometer,  7”  00 tor,  8-  rheostat,  9”  hopper,  10-  ejector(pump). 

Graph  1;>3.  Scheme  of  device,  constructed  by  G.  X.  Shakhbazyan  and 
E.  1.  Spen,  for  study  of  manufactured  dust, 

1-  blower,  2-  and  3-  gas  meters,  4-  dust  input,  ^  redactor,  non- 
eynohronous  three-phase  Motor,  7*  branch  lines,  8-  chamber,  9-  window, 
10-  lead-off  pipe,  11-  position  of  animal  in  box,  12-  sleeve  of  chamber, 
13"  wooden  box  for  animal,  l4-  branch  pipe  for  selection  of  air  samples. 

Graph  160,  See  159, 

1-  auger,  2-  auger  body,  >  counter  nut,  4-  regulating  bushing,  5"  body 
of  injecttor,  6-  inlet  aosslo,  7-  out  lot  noasle,  8-  screw,  9-  cover  of 
hopper,  10-  hopper,  11-  nut,  12-  tube,  1J-  special  nut,  l4-  fl-piece, 

15-  bolt,  l&r  base,  17-  bub  of  anger,  18-  bub  nut. 


b..  (con't)  Trans.  graphs  and  Ulus. 


Graph  Ifil,  Device  for  the  introduction  of  dust  into  the  respiratory 
path  and  lungs  with  a  dust  mask  according  to  Khukbrina, 

1-  and  5“  rheometers,  2-  dust  disperser,  3“  mask,  4-.  filter,  6- 
dust  suctioner. 

Graph  lfj2.  Artemov  apparatus  for  obtaining  oil  sprays, 

1-  metal  stove,  2-  T-pieco,  3-  screen( shield),  4-  5“  and  6-  metal 
tubes,  7-  thermometer,  3-  glass  tube,  9-  rubber  stopper,  10-  micro¬ 
buret,  11-  disk  for  the  heating  of  the  oil. 

Graph  I83.  Obtaining  fames  of  metal  with  the  aid  of  an  electric  stove, 
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